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EXPERIMENTS   WITH   FERTILIZERS  AND  MANURE 

ON  ^TOBACCO,  CORN,  WHEAT    AND    CLOVER 

IN   THE     MIAMI     VALLEY 


These  experiments  were  begtm  in  1903  on  tobacco,  grown  both 
continuotisly  and  in  rotation  with  wheat  and  clover,  and  in  1904  and 
1905  on  com  and  wheat,  gfrown  in  a  rotation  of  corn,  wheat  and 
clover,  A  description  of  the  soil  and  the  plan  of  the  experiments 
with  tobacco  are  ^ven  in  Bulletin  161  of  this  Station,  and  a  continua- 
tion of  the  work  vnth  tobacco  up  to  1905  is  reported  in  Bulletin  172. 
The  rotation  of  com,  wheat  and  clover  is  in  part  reported  in  Bulletin 
182,  and  the  statistics  of  all  the  crops  up  to  1906  are  given  in  Bulletin 
184. 

I:    FERTILIZERS  AND  MANURE  ON  TOBACCO  GROWN  IN  ROTATION 

The  plan  of  fertilizing  in  the  rotation  of  tobacco,  wheat  and 
clover  is  given  in  Table  I  and  Diagrams  I  and  11;  the  statistics  of 
yield  for  the  years  1907  and  1908  are  given  in  Table  II,  and  a  general 
summary  of  the  results  for  the  entire  period  is  given  in  Table  III, 
in  which  the  yields  of  tobacco  are  grouped  in  two  3-year  periods, 
thus  showing  the  cumulative  effect  of  the  fertilizers  during  the 
second  period. 
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DIAGRAM  I:  ARRANOElCBNT  OP  PLOTS  IN  TOBACCO- WHBAT- 

CLOVBR  ROTATION 
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TABLE  I:    PLAN  OP  PBRTILIZING  TOBACCO  GROWN  IN  ROTATION. 


Plot 
Mo. 


12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
32 
33 
34 
35 
36 


FertiUzinf  materials  per  acre 
(All  applied  to  the  tobacco  crop) 


None 

Acid  phosphate,  480  lbs. 

Add  phosphate,  480  lbs.;  muriate  potash,  180  lbs. . 
None  . 


FertiUrine  elem 
per  acre 


Phos- 
phorus 


Muriate  potash,  180  lbs.;  nitrate  soda,  240  lbs.. 
Add  phosphate,  480  lbs.;  nitrate  soda,  240  lbs. . 
None  . 


Add  phos,,  480  lbs.;  mur.  potash.  180  lbs  ;  nit.  soda,  240  lbs. 
Acid  phos.,  480 lbs.; mur.  potash,  300 lbs,; nit.  soda,  240  lbs. 
None  . 
None  , 


Add  phos.,  480 lbs.;  mur.  potash,  120 lbs.;  nit. soda,  240 lbs.. 
Add  phos.,  720 lbs.;  mur.  potash,  180  lbs.; nit.  soda,  240  lbs. . 
None. 


Add  phos., 480 lbs.; mur.  potash,  180 lbs.;  nit.  soda,  360  lbs 

Add  phos.,  480 lbs,;  mur.  potash,  180 lbs.;  sulph.  ammonia,  180  lbs. .. 

None 

Add  phos. ,  i 
Add  phos.,  2 


)  lbs.;  Tankage  (7-20)  670  lbs.;  muriate  potash,  180  lbs. . 
0 lbs.; mur.  potash,  1801bs.;nit.  soda,  2401bs 


None  . 

Ncme ^ 

Acid  phos.,  480 lbs.; nitrate  potash,  200 lbs.;  nit.  soda,  80  lbs..., 
Add  phos.,  480  lbs.;  sulphate  potash,  190  lbs.;  nit.  soda,  240  lbs.. 
None  , 


Acid  phos. ,  480 lbs. ; sul .  potash .  190  lbs. ,  nit.  soda,  240  lbs. ;  lime  1000  lbs . . 
Acid  phos., 4801bs.;mur.  potash.  1801bs;; nit  soda, 2401be.;  lime lOOOlbs.. 
None 


Acid  phos. ,  480  lbs. ;  mur.  potash,  180  lbs. ;  sul.  am.,  180 lbs. ;  lime  1000  lbs . . 
Acid  phos., 60 lbs. ;tankafire (7-20)  6701bs.;mur.  pot.,  180 lbs.; lime  1000 lbs 
None 


None 

Shed  manure,  untreated,  10  tons.. 
Shed  manure,  untreated,  20  tons. 
None  . 


Shed  manure,  phosphated,  10  tons.. 
Yard  manure,  phosphated,  10  tons. 


None 

Shed  manure,  untreated.  10 tons;  lime,  1000 lbs 'Mn^^MS-^ 

Yard  manure,  untreated,  10  tons;  lime,  1000  lbs 


Lbs. 


30 
30 


30 
45 


30 

80 
20 


30 
30 

80 
30 

80 
30 


rQ:oc;lQ: 


Potas- 
sium 


Lbs. 

76 
76 


75 
125 


75 

75 
75 

75 
75 


75 

is 

75 

75 
75 
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"^  feet  wide  by  136  feet  long,  oontaininflf 

*«"*^  ated  by  paths  two  feet  wide   and  tile 

•  are  laid  under  alternate  paths,  mak- 

le  drains  36  feet  apart.  The  plots  are 
l^ed  in  blocks  of  ten  plots  each  and  in 
lections,  A,  B  and  C,  of  40  plots  each, 
licated  by  the  dia^ams,  and  every 
jlot  is  left  continuously  untreated.  The 
Ae  due  to  treatment  is  calculated  on  the 
iption  that  if  Plots  1  and  4,  untreated, 
x>  yield  300  and  330  pounds  respectiyely, 
laided  yields  of  Plots  2  and  3  would 
bly  have  been  310  and  320  pounds, 
action  A  is  located  on  a  small  farm  of 
es,  which  had  been  owned  separately 
xiuiu  the  tract  on  which  B  and  C  are  located 
before  the  land  was  leased  by  the  Experi- 
ment Station. 

In  Table  IV  is  given  the  average 
increase  per  acre  for  each  crop  over 
the  entire  period  of  the  experiment 
with  its  value,  rating  tobacco  at  eight 
cents  per    pound  for    the     wrapper 
and    filler    and     one     and     one-half 
cent  for     the    trash;   wheat     at   80 
cents  per  bushel;  straw  at  $2.00  per 
ton,  and  hay  at  $8.00.    This  table  also 
shows  the  cost  of  the  fertilizing,  rating 
14  percent  acid  phosphate  at  $16.00  per 
ton;  muriate  of  potash  at  two  and  one- 
half  cents  per  pound,  and  nitrate  of 
soda  at  three  cents,  and  estimating 
the  cost  of  potassium  in  the  sulphate 
as  20  percent  greater  than  in  the  mur- 
iate*   The  cost  of  nitrogen  is  assumed 
to  be  the  same    in     nitrate    of    soda, 
nitrate  of  potash  and  sulphate  of  am- 
monia.   The  tankage  used  in  the  test 
is  computed  at  $28.00  per  ton.     Lime 
is  figured  at  $6.00  per  ton.    No  values 
are  placed  upon  the  manure,  as  ^he 
cost  of  manure  varies  for  each  farm 
and  for  different  parts  of  the  same  farm,  owing  to  the   distance 
from  the  bam.     The  phosphated  manure  has  been  dusted    with 
floats  applied  at  the  rate  of  40  to   50    pounds    per    ton   of   manure, 
equivalent  to  one  pound  per  1000-pound  animal  per  day. 


DIAORAII  II:    Anwigement  of  plots  in 

tobocco-wheat-dover  rotation. 
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The  fertilizers  and  manures  are  all  applied  to  the    tobacco,    the 
wheat  and  clover  f oUowingf  without  any  treatment. 

Comparing  the  increase  on  the  first  five  fertilized  plots,  as  given 
in  Table  IV,  we  find  that  each  application  of  fertilizers  has  pro- 
duced a  profitable  increase  of  crop,  but  the  gain  from  the 
complete  fertilizer,  as  applied  on  Plot  8,  carrying  nitrogen, 
phosphorus  and  potassium,  all  three,  has  been  so  much  greater  than 
that  from  any  partial  fertilizer,  as  to  more  than  offset  the  greatly 
increased  cost,  so  that  the  largest  net  gain  has  resulted  from  this 
application. 

When  the  potassium  in  this  fertilizer  is  increased,  on  Plot  9, 
the  total  tobacco  yield  remains  the  same,  while  that  of  wheat  and 
hay  are  slightly  increased;  but  while  the  total  tobacco  yield  is  sta- 
tionary, •  there  appears  to  have  been  a  small  transfer  from  the 
valuable  parts  of  the  plant  to  those  less  valuable  and  the  consequence 
is  a  slight  reduction  in  the  total  value  of  the  output,  and  of  course  a 
greater  one  in  the  net  value. 

On  the  other  hand,  the  reduction  of  the  potassium,  on  Plot  12, 
results  in  a  falling  ofif  in  yield  sufl&cient  to  more  than  neutralize  the 
saving  in  the  cost  of  the  fertilizer,  and  a  still  greater  loss  occurs 
when  it  is  entirely  omitted,  on  Plot  6. 

;  When  sulphate  of  potash  is  substituted  for  the  muriate,  on  Plot 
23,  there  is  a  reduction  in  yield,  as  compared  with  Plot  8;  and  as  the 
sulphate  is  more  expensive  than  the  muriate  there  is  a  still  greater 
reduction  in  the  net  gain. 

This  comparison  of  sulphate  with  muriate  of  potasli  is  repeated 
on  two  limed  plots,  numbers  25  and  26,  and  here  again  the  sulphate 
falls  behind  the  muriate  in  total  yield  and  net  gain,  the  loss  being 
chiefly  in  the  tobacco,  as  the  wheat  shows  a  small  gain. 

The  substitution  of  the  nitrate  of  potash,  on  Plot  22,  has  been 
followed  by  a  still  greater  reduction  in  yield. 

When  the  phosphorus  is  increased,  on  Plot  13,  there  is  a  marked 
jD^ain  in  yield,  this  plot  producing  a  greater  total  yield  and  a  greater 
net  gain  than  any  other  one  in  the  series;  while  the  reduction  of 
tie  phosphorus,  on  Plot  19,  is  followed  by  a  reduction  in  net  gain 
as  well  as  in  total  yield. 

The  increase  of  the  nitrogen,  on  Plot  IS,  brings  up  the  total 
yield  to  the  second  highest  point  in  the  series,  and  notwithstanding 
the  high  cost  of  nitrogen  in  nitrate  of  soda,  this  plot  also  gives  next 
to  the  highest  net  gain.  Comparing  Plot  3,  which  receives  phos- 
phorus and  potassium,  but  no  nitrogen,  with  Plots  8  and  15,  which 
receive  the  same  quantities  of  phosphorus    and    potassium,    in    the 
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same  carriers,  reinfof^ced  with  240  potmds  of  nitrate  of  soda  on  Plot 
8  and  360  pounds  on  Plot  15,  it  wiU  be  seen  that  the  total  gain  is 
increased  from  $56.82  on  Plot  3  to  $66.63  on  Plot  8  and  $76.75  on 
Plot  15. 

Comparing:  nitrate  of  soda  with  sulphate  of  ammonia  as  carriers 
of  nitrogen,  on  Plots  8  and  16,  and  again  with  lime,  on  Plots  26  and 
28,  there  is  an  api>arent  gain  for  the  sulphate  of  ammonia  in  each 
case. 

When  nitrogen  and  phosphorus  are  given  in  tankage,  on  Plots  18 
and  29,  there  is  so  great  a  reduction  in  the  yield  of  tobacco  as  to 
much  more  than  offset  the  small  saving  in  the  cost  of  the  fertilizer. 
As  tankage  is  the  carrier  of  nitrogen  usually  employed  in  ready- 
mixed  fertilizers  this  becomes  an  important  point,  the  more  so  as 
the  farmer  generally  pays  more  for  the  pound  of  nitrogen  in  such 
fertilizers  than  he  would  need  to  pay  in  nitrate  of  soda. 

The  manure  used  in  this  experiment  for  the  first  rotatation  was 
horse  manuf e;  since  then  it  has  come  from  cattle,  but  in  both  cases 
it  has  accumulated  on  earth  floors.  Theoretically,  ten  tons  of  such 
manure  should  contain,  when  unleached,  75  to  80  pounds  each  of 
nitrogen  and  potassium  and  25  to  30  of  phosphorus.  On  this  basis 
the  constituents  of  the  manure  have  not  been  quite  as  effective, 
pound  for  pound,  as  the  same  constituents  in  the  chemical  fertilizer. 
It  will  be  observed,  however,  that  when  the  manure  has  been  used 
at  the  rate  of  10  tons  per  acre  it  has  produced  increase  to  the 
average  value  of  more  than  $5.00  per  ton  of  manure. 

Comparing  Plots  32  and  35  it  appears  that  the  reinforcement  of 
the  manure  with  phosphorus  (in  the  form  of  floats,  and  at  the  rate 
of  approximately  40  pounds  to  the  ton  of  manure)  has  materially 
increased  its  effectiveness.  When  thus  treated  there  has  been  no 
practical  difference  in  the  effect  of  the  yard  and  shed  manure,  but 
when  both  kinds  of  manure,  untreated,  have  been  followed  by  lime 
there  has  been  a  considerable  superiority  in  the  unleached  manure. 

BPFBCT  OF  LIME. 

The  effect  of  lime  is  shown  in  Table  V^  in  which  are  contrasted 
the  yields  of  5  i>airs  of  plots,  which  are  treated  alike  in  all  respects 
except  the  use  of  lime.  Apparently  lime  is  not  yet  needed  on  this 
soil  for  the  crops  grown  in  this  experiment,  the  soil  being  chiefly 
derived  from  decomposition  of  limestone  and  limestone  gravels. 
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The  formula  which  is  thus  far  producing:  the  grreatest  increase 
in  this  experiment,  that  used  on  Plot  13,  is  made  up  as  follows: 


Pounds  of  eaaentUl  ooosUtoenta 

PWrtHjying'  material 

Ammonia 
Lba. 

Phoapboric 
add 

Lba. 

Potaah 
Urn. 

Nkrate  of  MdA.     240ltM 

40 

m 

Add  vhoftphati^      720  Ibw 

Moriite  of  potaalu   180  lbs 

90 

ToUl              1140  lb« 

1 

100 
9 

80 

8 

The  percenta^res  of  "ammonia",  "phosphoric  acid"  and  "potash" 
are  given  above  for  the  convenience  of  those  who  are  accustomed  to 
the  use  of  this  method  of  reckoning,  but  it  must  not  be  expected 
that  the  ordinary  ready-onixed  fertilizers  will  produce  results  equal 
to  those  obtained  from  these  materials,  although  their  cost  will 
usually  be  greater. 


TABLE  V:    BFPBCT  OP  LIMB  ON  TOBACCO.  WHBAT  AND 
CLOVBR,  GROWN  IN  ROTATION 


AToraffe  increase       |      Yaloe  o( 

Plot 

Treatment 

perau:re 

Increase 

To. 
baooo 

Wheat 

Hay 

ToUl 

Net 

No. 

Lbs. 

Bos. 

Lbs. 

$ 

$ 

i 

Add  pboapbate,  mnrUte  potaah,  nitrate  aoda 

•*           •*         »        •*           M     »       M          »»   lime. 

^ 

10.26 
12.83 

i:^ 

66.62 
66.30 

l\:% 

23 
85 

Acid  pboaphate,  tnlphate  potash,  nitrate  aoda 

t    •^     Zr        *      A         '^n      »      *4          .•  lime.. 

663 

ff78 

12  11 
12.62 

1,602 
1.446 

62.00 

43.88 
42.60 

16 
S 

Acid  pboahate.  muriate  potaah.  sulphate  ammonia. 

Si 

12.25 
13.16 

1:S? 

70.46 
67.68 

S:S 

18 

Tanka^  muriate  potash 

445 
606 

434 
443 

13.17 
8.62 

11.30 

1,405 
i;888 

1.270 

02.97 
64.71 

38.07 

29 

»*^  '       •»         "    »•        iimQ 

87.8. 

a 

TTntrwitfld  shed  manure *..•........... 

s 

"        iime... 

11.66 

1242 

IL    FBRTIUZBRS  AND  MANURE  ON  TOBACCO  GROWN 
CONTINUOUSLY  ON  THE  SAME  LAND. 

FoUowinfiT  is  the  plan  of  fertilizing  in  this    test,    the    quantities 
being  pounds  per  acre: 
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Plot  1,  None 

"  2,  Acid  phosphate,    160  lbs;  muriate  potash,    60  lbs. ;  nitrate  soda,    80  lbs. 

«  3^      ««  ««  160  '*  *'  **  60  '*  **        **       160  ** 

•*  4.  None 

'*  5,  Acid  phosphate,    160  lbs;  muriate  potash*    60  lbs.;  nitrate  soda,  320  lbs. 

M  5^      ««  «<  160  ••  "  **  60  "  *'        *•        480  •• 

•*  7,  None 

"  8,  Aaid  phosphate,   320  lbs;  muriate  potash,    60  lbs.;  nitrate  soda  320  lbs. 

«  g^      <i  «  320  **  **  •*         120  **  **        **       320  ** 

"  10|  None 

Plots  11  to  18,  inclusive,  are  cross  dressed  with  untreated  shed 
manure,  8  tons  per  acre.  The  following:  additional  treatment  is 
given: 

Plot  11,  None. 

"  12,  Acid  phosphate,  160  lbs. 

"  13,  Acid  phosphate,  160  lbs.;  muriate  potash,  60  lbs.;  nitrate  soda,  160  lbs. 

•*  14,  None. 

''  15,  Acid  phosphate,  160  lbs. ;  muriate  potash,  60  lbs. ;  nitrate  soda,  320  lbs. 

**  16,  Phosphated  shed  manure,  5  tons. 

"  17,  None. 

"  18,  Phosphated  yard  manure,  5  tons. 

Table  VI  g:ives  the  statistics  of  this  experiment  for  1906,  1907, 
and  1908  (continuing:  the  record  from  Bulletin  172)  with  averages  by 
periods,  and  the  results  are  summarized  in  Table  VII. 

The  cost  of  fertilizers,  value  of  increase  and  net  gain  are  com- 
puted annually  in  Table  VII,  whereas  they  are  computed  for  each 
rotation  of  3  years  in  Table  HI.  In  Table  VIII  the  results  of 
similar  treatment  are  compared  for  the  two  3-year  periods  during: 
which  the  experiment  has  been  in  progress.  This  table  shows  that 
under  each  similar  method  of  treatment  there  has  not  only  been  a 
smaller  yield  in  the  tobacco  grown  continuously  than  in  that  grown 
in  rotation,  which  indeed  is  to  be  expected,  since  the  rotated 
tobacco  gets  larger  applications  of  fertilizer  and  manure  than  that 
grown  continously,  but  that  the  rotated  tobacco  has  increased  in 
yield  during  the  second  period,  as  compared  with  the  first,  whereas 
that  grown  continuously  has  fallen  off  in  yield  in  every  case  except 
on  Plot  2,  and  there  the  gain  has  been  very  small.  Reference  to 
Table  VI  will  show  that  even  on  the  very  heavily  fertilized  and 
manured  plots  in  the  continuous  culture  there  has  been  a  reduction 
in  yield  during  the  second  period,  as  compared  with  the  first. 
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14  OHIO  BXP£RXM£NT  STATION:  BULLETIN  206 

III.    FERTILIZERS    AND    MANURE  ON    CORN    AND  WHEAT 
GROWN  IN  ROTATION   WITH  CLOVER. 

The  plan  of  this  cereal  rotation  is  shown  in  Table  IX.  The 
statistics  for  the  first  3  years  of  the  experiment,  1905  to  1906,  in- 
clusive ,  are  g:iven  in  Bulletin  184,  and  those  for  1907  and  1908  follow 
in  Table  X,  while  Table  XI  is  a  summary  of  the  results  for  the 
entire  period  of  the  experiment. 

TABLE  IX:    PLAN  OP  PBRTILIZING  IN  CORN-WHBAT-CLOVBR  ROTATION 
AT  THB  QBRMANTOWN  TBST-PARM. 


Fertilizing  materiaU— pounds  per  acre 

Fertilizing  ek 

BOMBt*— 

Plot 

On  com 

On  Wheat 

Total 

fertilisers 

for  one 

rotation 

pounds  per  acre. 

No. 

Add 

Mur- 
iate of 
potash 

Nitrate 

of 

soda 

Add 
phos- 
phate 

Mur. 

iateof 

potash 

Dried 
Bk)od 

Nitrate 
of  soda 

Phos- 
phoras 

Potaa. 
slum 

NItxo- 

gVk 

1 

1 

19 
20 

120 

lis 

'120 
240 

iJntr 
Untr 

iJntr 

"20 
20 

1? 

"40 
20 

"i 

Bated  sli 
eatedsb 

eated'shi 

18 

160 
80 

edmanu 
sdmanui 

120 

lij 

'120 
240 

240 
Lime 

re  S  toi 
relOt« 

re  10  toi 

"20 
"20 

18 

"is 

"40 
,  1,000  p 

AS  on  cor 
iis,1904-( 

is,19d»^ 

"80 
80 

"80 
80 

"80 
ounds 

D;'iime, 
^^lime; 

^lime* 

*i40 
00 

140 

l,006'lbs. 
1,000  lbs. 

1,000  lbs.'. 

410 

ffiO 
710 

on  wheat. 
,1907-8^,  max 

1906-7^;  man 

"ii  ^  iH 
1  ilii  m 

jj  i"   ^ 

rare  and  lime  on  com  only. 
ure  and  lime  on  wheat  only 

1 

i 

81 

87 
40 

Lime,  1,000  lbs.  on  com;  antreated  shed  manure,  6  tons  on  wheat. 

UnfertUiaed. 

Untreated  yard  manure,  S  tons,  on  com  only. 

Untreated  shed  manure,  5  tons,  on  com  only. 

Unfertilized. 

Phosphated  yard  manure,  S  tons  on  com  only. 

Phosphated  shed  manure,  S  tons  on  com  only. 

Unfertilized. 

Phosphated  shed  manure,  5  tons  on  com;  lime.  1000  lbs.  on  wheat. 

Tankage,680  lbs;  muriate  of  potash,  80  lbs;  nitrate  o(  soda,  80  lbs.  on  com;  lime,  1,000  Iba.  on 

^  wheat. 

Unfertilized. 

Tanlca^,  340  lbs;  muriate  of  potash,  40  lbs;  nitrate  of  soda,  40 lbs;  on  com;  same  on  wheat. 

Tankage,  340  lbs;  muriate  of  potash.  60  lbs;  nitrate  of  soda.  120  lbs.  on  com;  same  on  wheat. 

Unfertilized. 

Tankage,  220  lbs;  add  phos. ,  200  lbs;  muriate  of  potash,  20  lbs.  on  com;  same  on  wheat. 

Tankage,  220  lbs;  add  phos. ,  200  lbs;  muriate  of  potash,  40  lbs;  nitrateof  soda,  80  lbs.  on  com; 

same  on  wheat. 
UnfertUized. 

Tankage,  600  lbs;  muriate  of  potash,  60  lbs;  nitrate  of  soda,  00  lbs.  on  com;  same  on  wheat. 
Tankage.  170  lbs;  nitrate  of  soda.  18  lbs.  on  com;  same  on  wheat. 

Table  XI  shows  that  acid  phosphate,  when  used  alone  at  the 
rate  of  120  pounds  per  acre  each  on  corn  and  wheat,  has  produced 
a  profitable  increase  in  each  crop,  as  well  as  in  the  clover  following, 
the  total  value  of  the  increase  amounting  to  more  than  4  times  the 
cost  of  the  fertilizer. 
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When  the  very  small  quantity  of  20  pounds  per  acre  of  muriate 
of  potash  is  added  to  this  dressing:  of  acid  phosphate  the  total  and 
net  gain  are  largely  increased,  and  that  this  increase  is  not  due  to 
accidental  variations  in  the  soil  is  indicated  by  comparing*  Plot  6, 
which  receives  nitrate  of  soda  and  acid  phosphate,  but  no  potash^ 
with  Plot  8,  which  receives  the  same  quantities  of  nitrate  of  soda 
and  acid  phosphate,  with  20  pounds  of  muriate  of  potash  in  addition. 
It  seems  evident,  therefore,  that  both  phosphorus  and  potassium 
are  needed  in  the  fertilizer  to  produce  the  best  results  on    this  soiL 

DIAGRAM  lU:  ARRANQSMBNT  OP  PLOTS  IN  CORN-WHBAT- 
CLOVBR  ROTATION 


BUTTER  STREET  ROAD 


Plots  are  numbered  from  left  to  riffht  in  each  section.      Dotted  lines 
indicate  tile  drains. 
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That  nitrogfen  also  is  needed  is  seen  by  comparing:  Plot  6, 
receiving:  nitrog:en  and  phosphorus,  with  Plot  2,  receiving:  phos- 
phorus only;  or  by  comparing:  Plot  8,  receiving:  nitrog:en,  phos- 
phorus and  potassium,  with  Plot  3,  receiving:  phosphorus  and 
potassium  only.  It  is  true  that  the  net  g:ain  is  not'as  larg:e  on  Plot  8 
as  on  Plot  3,  owing:  to  the  hig:h  cost  of  fertilizer  nitrog:en;  but'  when 
we  increase  the  proportion  of  phosphorus  to  nitrog:en,  on  Plot  12, 
we  g:et  a  larg:er  net  g:ain  than  on  any  other  combination  of  fertilizing 
materials  used  in  the  experiment.  It  is  true  that  a  somewhat 
larg:er  total  increase  has  been  secured  on  Plots  14  and  33,  receiving: 
more  nitrogfen,  but  the  extra  cost  of  the  fertilizer  has  outrun  the 
value  of  the  increase  on  these  plots. 

TABLE  X:    CORN-WHEAT-CLOVER  ROTATION:— STATISTICS  OP 
YIELD  FX>R  1907  AND  1908. 


*ATeraffe  unfertilized  jield. 
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Plot  12  receives  160  pounds  of  nitrate  of  soda,  carrying:  about 
25  1-3  pounds  of  nitrogren,  equivalent  to  30  pounds  of  "ammonia;"* 
480  pounds  of  14  percent  acid  phosphate,  carrying  30  pounds  of 
phosphorus  or  68  pounds  of  "phosphoric  acid,^'  and  40  pounds  of 
muriate  of  potash,  carr3ringr  16  1-2  pounds  of  potassium  or  20  pounds 
of  "potash." 

As  fertilizers  are  ordinarily  computed  the  percentagre  com- 
position of  this  mixture  would  be  approximately  as  below: 

Pounds  of  essential  constituents 

Carrier  Ammonia         Phosphoric        Potash 

Acid 

160  lbs.  nitrate  of  soda .'. 30 

480  lbs.  acid  phosphate 68 

40  lbs.  muriate  of  potash ...  20 

680  lbs.  total 30  68  20 

Percentage 4  10  3 

Five  tons  of  fresh  manure,  as  used  on  Plot  24,  should  contain 
approximately  the  same  quantities  of  nitrog:en  and  phosphorus  and 
about  twice  as  much  potassium  as  have  been  used  on  Plot  9.  Com- 
paring: Plots  24  and  9  we  see  that  the  corn  has  made  a  larger  in- 
crease on  Plot  24  and  the  wheat  and  clover  on  Plot  9,  the  total 
value  of  the  increase  being  sligfhtly  gireater  on  Plot  24.  Had  Plot  24 
received  the  same  chemical  fertilizers  as  Plot  9,  but  all  in  one 
application  to  the  corn  crop,  the  result  would  undoubtedly  have  been 
a  larger  increase  in  that  crop  and  a  smaller  one  in  the  wheat  and 
clover,  with  probably  a  smaller  total  increase  on  all  the  crops  (com- 
pare Plots  14  and  IS,  Table  XI.)  Hence  it  is  fair  to  conclude  that 
the  chemical  constituents  of  the  fresh  manure  are  producing 
practically  the  same  effect  as  those  in  the  chemicals.  The  results 
attained  on  the  manured  plots  as  a  whole,  however,  are  as  yet 
inconclusive.  The  shed  manure  has  been  followed  by  a  greater 
average  increase  than  the  yard  manure,  but  the  untreated  manure 
has  apparently  produced  a  larger  increase  than  that  reenforced 
with  floats,  whether  we  compare  Plot  17  with  29  or  Plots  23  and  24 
with  26  and  27,  A  careful  analysis  of  the  results,  however,  indi- 
cates that  this  outcome  is  largely  due  to  inequalities  in  soil  con- 
ditions which  will  probably  be  eliminated,  in  part  at  least,  as  the 
work  progresses.  It  will  be  remembered  that  in  these  experi- 
ments there  are  as  many  separate  tracts  or  sections  of  land  as  there 

*Aiiimoiiia  is  a  compound  of  nitrofifeo  with  hydrogen,  cootaining'  about  82  percent  nitrogen;  phos- 
phoric acid  is  a  com|xHind  of  phosphorus  with  oxygen,  containing  atx>ut  44  percent  phosphorus,  and 
potash  is  a  compound  of  potassium  with  oxygen,  containing  nearly  84  percent  potassium. 
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are  crops  in  the  rotation.  In  the  one  under  consideration  the  com 
crop,  grown  on  Section  A  in  1904,  yielded  30.14  bushels  per  acre 
for  the  untreated  manure  and  32.28  bushels  for  the  phosphated 
manure.  In  1907  the  yields  on  the  same  land  were  57.57  and  68.57 
bushels,  respectively,  for  the  treated  and  untreated  manure.  In 
1905  the  yields  on  Section  B  were  72.00  for  untreated  and  62.78  for 
phosphated  manure;  but  in  1908  the  yields  were  43.85  and  45.35 
bushels,  respectively,  a  reversal  in  both  cases  of  more  than  10 
bushels  per  acre  in  the  respective  yields.  Wheat  was  grown  on 
Section  A  in  1905,  and  the  yields,  like  those  of  the  previous  com 
crop,  were  practically  the  same  for  the  two  kinds  of  manure;  but  in 
1908  the  yield  for  the  phosphated  manure  was  nearly  40  percent 
greater  than  for  that  not  so  treated. 

These  points  illustrate  the  importance  of  long  continued  work 
on  a  systematic  plan  in  dealing  with  such  problems  as  this.  On  the 
one  hand  we  have  a  soil  which  has  been  under  cultivation  for  nearly 
a  century  and  which  has  probably  been  subjected  to  differences  in 
treatment  of  which  we  can  have  no  knowledge,  and  on  the  other 
we  have  a  fertilizing  substance  (floats)  notoriously  inert  and  slow  in 
action. 

This  comparison  is  being  duplicated  in  the  tobacco  rotation  on 
the  same  farm,  and  here  the  results  are  consistent  with  those 
attained  in  the  larger  test  at  the  main  station,  where  the  advantage 
of  reenforcing"  farm  manures  with  phosphorus  is  being  strikingly 
demonstrated,*  although  in  this  test  also  the  differences  shown  at 
the  beginning  of  the  work  were  much  smaller  than  they  have 
grown  to  be  as  the  work  has  progressed. 

On  plots  30  to  39,  inclusive,  a  part  or  all  of  the  nitrogen  and 
phosphorus  is  given  in  tankage,  instead  of  nitrate  of  soda  and  acid 
phosphate.  Comparing  these  with  the  plots  receiving  all  their 
nitrogen  and  phosphorus  in  nitrate  of  soda  and  acid  phosphate,  it 
will  be  seen  that  tankage  has  not  proved  to  be  as  effective  a  carrier 
as  the  other  materials.  This  is  a  matter  of  considerable  importance 
to  the  farmer,  since  the  nitrogen  in  the  ordinary,  ready-mixed 
commercial  fertilizer  is  derived  chiefly  from  tankage.t  In  com- 
puting the  cost  of  the  fertilizer  the  tankage  nitrogen  is  computed 
at  the  same  price  as  that  in  nitrate  of  soda.  In  point  of  fact,  the 
farmer  usually  pays  more  for  the  nitrogen  carried  in  ready-mixed 
fertilizers  than  he  would  need  to  pay  for  it  in  nitrate  of  soda. 

^See  Circular  92.  p.  SS. 

tTbe  nitrogen  in  tanluige  is  in  organic  form,  and  must  be  firat  ODD rerted  Into  aminooia   and   then 
into  nitric  add  before  it  becomes  aTailable.    The  nitrogen  of  fresh  manure  is  largely  in  the  form  of 
B  it  is  weU  on  the  way  towards  availabiUt j. 
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It  is  interesting  now  to  compare  the  outcome  of  the  first  5 
years'  work  at  Germantown  with  that  in  the  similar  experiment  at 
the  main  station  at  Wooster  for  the  three  S-year  periods  over  which 
it  has  been  conducted,  as  summarized  on  page  16  of  Circular  92. 
As  the  experiment  at  Wooster  is  a  S-year  rotation  and  that  at 
Germanton  is  one  of  3  years  it  will  be  necessary  to  make  the  com- 
parison on  the  basis  of  the  annual  value  of  increase  and  cost  of 
fertilizer. 

TABLE  XII,      COMPARISON  OP  RESULTS  AT  GERMANTOWN  AND  WOOSTER. 


Germantown 

Wooster 

Pertilizinif  elements 

Plot 
No. 

Annual 
cost  of 
fertilizer 

Annual 
value  of 
increase 

Plot 
No. 

Annual 
cost  of 
fertilizer 

Annual  value  of  increi 

First 
5  years 

Second 
6  jears 

Th 
5jt 

Phosphorus  alone 

2 
3 
8 
12 

$0.63 
0.97 
2.57 
3  20 

$3.04 
4.41 
5.17 
760 

2 
8 
11 
17 

$0  52 
182 
4.70 
3.87 

$1.70 
2.88 
5.28 
3.15 

$3. 47 
4.87 
8.49 
7.32 

$4 

6. 
9. 
9. 

Phosphorus  and  potassium 

Phosphorus,  potassium  and  nitn^en. 

Table  XII  shows  that  the  results  attained  thus  far  at  German- 
town,  in  proportion  to  quantity  of  fertilizers,  are  considerably 
greater  than  those  reached  during  the  first  S-year  period  at  Wooster. 
Whether  there  will  be  the  cumulative  effect  at  Germantown  that 
has  been  experienced  at  Wooster  remains  for  the  future  to 
determine. 

GENERAL  CONSIDERATIONS. 

The  course  of  agriculture  in  the  Miami  Valley  has  been  one 
of  systematic  soil  exhaustion.  Grain  crops,  timothy  and  tobacco 
have  been  grown  continuously  or  ^ith  only  occasional  short  turns 
in  clover;  the  corn  has  been  sold  to  the  elevators  or  to  the  distillers 
or  fed  to  hogs;  the  wheat  has  gone  into  the  general  market  and 
the  timothy  has  been  sent  to  the  cities.  But  little  manure  has  been 
made  and  that  little  has  largely  been  wasted.  Some  restitution  has 
been  made  to  the  soil  in  places  by  overflow,  but  more  often  the 
overflows  have  carried  away  more  fertility  than  they  have  left. 
The  outcome  of  this  system  is  that  the  yield  of  corn,  which  during 
the  20  years,  1850-69,  averaged  37.5  bushels  per  acre  for  the  S 
counties,  Montgomery,  Preble,  Butler,  Warren  and  Hamilton,  fell 
to  34.7  for  the  20  years,  1880-99.  During  the  same  two  periods  the 
yield  of  wheat  was  13.6  bushels  for  the  first  period  and  14.1  bushels 
for  the  second,  an  increase  of  half  a  bushel  per  acre 
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Taking:  the  13  counties  comprised  in  the  two  tiers  lying  north 
of  those  named,  the  yields  for  these  two  periods  have  been  for  com, 
30.1  bushels  and  34.6  bushels,  and  for  wheat,  11.7  bushels  and  14.4 
bushels,  a  gain  of  4.5  bushels  of  corn  and  2.7  bushels  of  wheat. 
These  counties  are  now  equalling  the  yields  of  the  Miami  Valley 
in  com  and  are  exceeding  their  yields  in  wheat,  and  the  richest 
region  of  the  state  has  shifted  from  this  fertile  valley  to  the 
northwestern  counties. 

In  the  ripening  of  the  grain  crops  about  three-fourths  of  the 
total  phosphorus  of  the  plant  is  carried  into  the  grain,  while  about 
three-fourths  of  the  potassium  remains  in  the  straw.  Consequently 
in  all  regions  where  grain  is  largely  produced  and  sold  oflf  the  farm 
ordinary  soils  soon  show  a  deficiency  of  phosphorus,  while  in  those 
regions  in  which  not  only  the  grain,  but  also  the  straw  and  hay  are 
removed,  both  phosphorus  and  potassium  are  likely  to  be  exhausted, 
and  this  condition  applies  to  the  lower  Miami  Valley;  the  paper 
mills  and  the  tobacco  warehouses,  together  with  the  urgent  city 
demand  for  hay,  having  stripped  the  land  of  everything  that  could 
be  carried  away  except  the  com  stalks,  and  that  they  were  not 
also  taken  was  only  due  to  the  fortunate  circumstance  that  they 
were  not  adapted  to  paper  making. 

Under  such  conditions  it  is  to  be  expected  that  potassium  will 
occupy  a  position  of  larger  relative  importance  in  the  fertilizer  than 
for  a  region  in  which  the  system  of  agriculture  has  involved  the 
deportationof  grain  and  animal  products  chiefly,  the  straw  and 
hay  being  retained  on  the  land,  and  that  it  will  be  necessary  to 
restore  this  element,  as  well  as  nitrogen  and  phosphorus,  before 
maximum  yields  can  be  attained. 

CONCLUSIONS. 

These  experiments  must  be  carried  much  further  before  final 
conclusions  can  safely  be  drawn,  but  they  have  already  demon- 
strated that  the  yield  of  crops  may  be  greatly  and  profitably 
increased,  on  the  upland  soils  of  the  Miami  VaUey,  by  the  judicious 
nse  of  manure  or  chemical  fertilizers. 

They  show  that  the  most  effective  manure  is  that  which  has  not 
been  subjected  to  the  losses  which  occur  in  the  open  barnyard, 
and  they  indicate  that  the  most  effective  fertilizer  is  one  containing 
nitrogen,  phosphorus  and  potassium,  all  three. 

No  urgent  need  of  lime  has  as  yet  been  developed  in  the  soil 
ander  these  experiments,  and  this  was  to  be  expected  from  its 
geological  history.  It  has  not  yet  been  demonstrated,  however, 
that  moderate  applications  of  lime  may  not  be  useful,  especially  upon 
those  fields  in  this  region  which  have  been  longest  under  cultivation. 
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PREFACE. 

In  this  bulletin  we  seek  to  show  the  bearing,  upon  practical 
animal  nutrition,  of  the  relationship  between  those  mineral  elements 
of  our  foodstuffs  and  of  living  animal  tissues,  which  in  the  body 
give  rise  to  inorganic  acids,  and  the  various  means  at  the  disposal  of 
the  animal  for  accomplishing  protection  from  these  acids  through 
effecting  their  neutralization. 

The  formation  of  inorganic  acids  from  the  food  and  from  the 
tissues  in  the  animal  body,  and  the  necessity  for  their  neutralization, 
are  always  present,  and  therefore  students  of  the  effects  of  food- 
stuffs upon  growth  and  other  proteid  increase  in  animals,  must  con- 
sider this  factor  in  determining  the  causes  of  the  results  produced^ 
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THE  BALANCE  BETWEEN  INORGANIC  ACIDS  AND 
BASES  IN  ANIMAL  NUTRITION. 

BY  B.  B.  PORBB8. 

INTRODUCTION. 

The  vital  reactions  taking  place  in  the  bodies  of  animals  require 
that  certain  necessary  conditions  be  maintained  with  unvarying  con- 
stancy. 

None  of  these  conditions  is  of  wider  or  deeper  significance  to 
these  vital  processes  than  the  state  of  the  liquids  and  tissues  as 
regards  acidity  and  alkalinity. 

Nearly  all  of  the  mineral  elements  in  the  body  contribute  to  one 
or  the  other  side  of  this  account  and  thus  become  involved  in  a  great 
number  of  most  important  functions. 

This  balance  between  acid  and  alkaline  mineral  elements  in 
animal  bodies  is  constantly  maintained  in  adjustment  by  a  most  in- 
tricate system  of  compensating  agencies,  so  that,  under  normal  con- 
ditions, the  matter  is  perfectly  accomplished  without  our  conscious 
intervention* 

But  we  do  not  always  live  under  ^^normal''  conditions.  We  have 
set  up  standards  for  both  man  and  his  animals  which  differ  greatly 
from  those  to  which  they  have  been  adapted,  and  we  use  as  foods 
and  feeding  stuffs  a  great  variety  of  artificial  products  with  which  it 
is  possible  to  tax  the  adaptability  of  the  animal  quite  beyond  tl^e 
limits  of  toleration. 

Indeed  we  are  each  year  becoming  more  and  more  independent 
of  the  environment  to  which,  through  long  ages  of  selection,  our 
physiological  processes  have  come  to  be  attuned. 

(23) 
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This  fact  imposes  upon  us  the  obligation  to  seek  an  understaxid- 
ing  of  the  physiologry  of  nutrition  in  order  that  our  increasing' 
abilities  to  shape  our  own  lives  may  not  find  us  wanting  in  intelligence 
to  use  our  capacities  to  the  best  possible  advantage. 

The  practical  bearing  of  this  subject  has  to  do  with  normal 
growth,  especially  of  the  bones  of  animals,  and  the  prevention  of 
malnutrition  of  the  bones — a  very  common  trouble  in  certain  regions; 
with  ricketo  and  osteomalacia  in  both  tnalbi  and  othet  animus;  with 
osteoporosis  in  live  stock;  with  "bran  disease"  or  *'miller's  horse 
rickets"  and  with  the  quality  of  the  bones  in  horses;  with  acidosis 
in  infants — a,  very  common  and  troublesome  nutritional  disturbance 
and  vdth  diabetes  and  fevers. 

It  has  a  direct  bearing  on  the  production  of  all  proteid  increase 
inanimals  and  hence  upon  the  profitability  of  stock-farming,  but 
especially  on  the  rearing  of  those  animals  which  are  fed  most  largely 
upon  cereals,  especially  corn  alone,  namely,  swine  and  poultry.  It 
has  also  a  less  important  though  an  interesting  bearing  on  the  feed- 
ing of  carnivorous  animals  in  captivity,  since  they  do  not  thrive  on  a 
diet  of  meat  alone. 

PHYSIOLOGICAL  BASIS. 

The  main  facts  in  physiology  regarding  the  acid  and  alkaline 
mineral  elements  are  as  follows: 

There  are  in  all  foodstuffs  and  in  the  living  tissues  of  animals, 
mineral  elements  in  organic  combination,  which  upon  oxidation  in 
the  body,  yield  inorganic  acids.  The  animal  must  be  protected 
from  these  acids,  which  would  produce  profound  disturbance  of 
function  if  allowed  to  circulate  throughout  the  body.  To  this  end 
they  are  neutralized  with  substances  possessing  a  basic  reaction  and 
then,  in  their  neutral  condition,  are  either  excreted  or  used  as 
nutrients. 

In  this  connection  we  consider  especially  the  acid-reacting  ele- 
ments, sulphur,  phosphorus  and  chlorine  and  the  alkali-reacting 
elements,  sodium,  potassium,  calcium  and  magnesium.  Iron  is  not 
considered^  since  it  is  either  base  or  acid  according  to  circumstances 
and  enters  into  vital  activities  only  in  its  organic  combinations. 

THE  ACID  MINERAL  ELEMENTS. 

Sulphur  enters  the  body  almost  wholly  in  organic  combination 
as  a  constituent  of  food-proteins.  As  these  proteins  are  oxidized  in 
the  body  most  of  the  sulphur  is  burned  to  sulphuric  acid  and  is  ex- 
creted in  the  urine  as  inorganic  sulphates. 
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According  to  Sherman*  80  to  85  percent  of  the  urinary  sul- 
phur in  the  human  being  is  in  the  form,  mostly  of  inorganic,  but 
partly  of  ethereal  sulphates,  the  remaining  15  to  20  percent  being 
found  in  less  completely  oxidized  forms  This  latter  portion  is 
deisignated  * 'neutral  sulphur"  and  consists  of  derivatives  of  taurin 
from  the  bile,  sulphocyanids  from  the  saliva  and  a  considerable  num- 
ber of  other  compounds,  some  known  and  others  as  yet  not 
identified. 

According  to  Neuberg  and  Grosser*,  in  addition  to  the  inor- 
ganic and  ethereal  sulphates  and  the  neutral  organic  compounds  of 
sulphur  in  the  urine,  there  is  also  a  basic  fraction  made  up  of  salts  of 
an  organic  sulphonium  base. 

In  the  body,  sulphur  is  used  as  a  constituent  of  all  proteid  in- 
crease and  in  the  repair  of  proteid  waste.  A  considerable  part  of 
the  food-protein,  however,  is  oxidized  for  the  production  of  energy 
and  its  sulphur  and  phosphorus  appear  mostly  as  sulphates  and  pi  os- 
phates,  in  the  excreta.  The  constant  waste  which  there  is  in  the 
proteids  of  the  living  tissues,  also  contributes  to  the  production  of 
the  sulphates  and  phosphates  of  the  excreta. 

Phosphorus  enters  the  body  in  a  great  variety  of  conditions;  as 
inorganic  phosphates;  as  salts  of  various  organic  acids;  as  lecithins, 
that  is,  compounds  of  fat,  phosphoric  acid  and  a  nitrogenous  group; 
as  phosphoproteins  and  as  nucleoproteins. 

The  distribution  of  the  phosphorus  of  the  excretions  between 
urine  and  feces  is  governed  by  the  nature  of  the  food. 

In  herbivora  nearly  all  of  the  phosphorus  is  excreted  in  the  feces. 
In  carnivora  almost  all  of  the  phosphorus  is  excreted  in  the  urine; 
while  in  omnivora,  man  included,  the  distribution  of  the  phosphorus 
between  urine  and  feces,  seems  to  depend  largely  on  the  calcium  and 
magnesium  contents  of  the  ration.  In  man  about  two-thirds  of  the 
phosphorus  usually  leaves  the  body  in  the  urine  and  about  one-third 
in  the  feces,  while  an  increase  of  the  vegetables  in  the  dietary  and 
of  the  magnesium  and  calcium,  intake,  will  increase  the  proportion  of 
the  phosphorus  leaving  the  body  in  combination  with  mineral  bases, 
in  the  feces. 

In  the  body,  phosphorus  serves  a  multiplicity  of  purposes,  both 
'structural  and  regulative,  and  is  used  both  in  organic  and  inorganic 
combinations. 

The  urinary  phosphorus  is  chiefly  in  the  form  of  di-  and  mono- 
hydrogen  phosphates  of  sodium  and  potassium;  less  abundantly  in 
the  form  of  phosphates  of  calcium  and  magnesium.  The  phosphorus 
of  the  feces  is  also  largely  in  the  shape  of  phosphates.  Phosphorus 
in  various  organic  combinations  also  occurs  in  the  feces,  including 
nucleins  and  ether-soluble  compounds^ 
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Chlorine  enters  the  body  as  chlorides  and  leaves  it  almost  wholly 
in  the  urine,  as  chlorides.  In  the  body  it  is  used  as  chlorides  and 
as  hydrochloric  acid  in  the  gastric  juice,  principally  for  re^rulativc 
and  digrestive  purposes. 

THE  BASIC  MINERAL  ELEMENTS. 

The  mineral  bases,  calcium,  magnesium,  sodium  and  potassium, 
enter  the  body  mostly  as  salts  of  various  organic  and  inorganic  acids; 
though  calcium,  at  least  in  milk,  egg-yolk  and  seeds,  occurs  also  in 
organic  combination  with  proteins. 

These  alkali-reacting  elements  are  used  in  the  body  mostly  in 
inorganic  combination  with  phosphoric,  sulphuric,  hydrochloric  and 
carbonic  acids,  principally  for  structural,  regulative  and  catalytic 
purposes.  They  leave  the  body  as  inorganic  salts  in  combination 
with  the  above-mentioned  mineral  acids. 

^  Thus  it  is  seen  that  these  mineral  elements,  both  acid  and  basic, 
enter  the  body  in  a  great  diversity  of  forms,  both  organic  and  in- 
organic, perform  in  the  body  a  multiplicity  of  complicated  functions 
and  then  leave  the  body  mostly  in  an  inorganic  condition. 

ACIDOSIS. 

Causes.  When  oxidizable  organic  compounds,  either  nitrc^ 
enous  or  acid,  containing  sulphur  or  phosphorus,  are  disintegrated,  or 
when  chlorides  are  decomposed  in  the  animal  body,  there  are  formed, 
from  the  sulphur, phosphorus  and  chlorine,  the  corresponding  non- 
oxidizable  inorganic  acids.  Since  these  acids  cannot  be  broken  up 
by  oxidation  and  excreted  by  the  lungs,  they  possess  a  different 
significance  from  oxidizable  organic  acids.  An  excess  of  these  or 
other  mineral  acids,,  or  of  non-oxidizable  organic  acids,  in  the  body, 
gives  rise  to  a  pathological  condition  known  as  acid  intoxication  or 
acidosis.  Acidosis  is  a  name  first  used  by  Naunyn^*  to  designate 
the  excess  of  oxy  butyric  acid  present  in  the  blood  in  diabetes  mellitus. 
It  is,  however,  used  to  designate  intoxication  from  other  acids,  either 
produced  within  the  organism  or  introduced  from  without.  In  the 
use  of  this  term  the  idea  to  be  conveyed  is  that  of  an  excess  of  acid. 
This  may  be  brought  about  by  the  introduction  or  formation  of  ab- 
normal amounts  of  acid,  the  bases  not  increasing  in  the  same  ratio,in 
which  case  the  acidosis  is  said  to  be  "absolute"  (Naunyn),  or  it  may 
be  caused  by  a  withdrawal  from  the  body,  of  alkalis,  the  acids  pre- 
dominating merely  because  of  this  withdrawal  of  alkali,  which  type 
of  acidosis  was  designated  as  "relative  acidosis"  by  Steinitz. 

The  existence  of  acidosis  is  to  be  inferred  from  the  excretion,  by 
the  kidneys,  of  an  increased  proportion  of  the  nitrogen  of  the  urine 
in  the  condition  of  ammonium  salts,  since  ammonia  is  largely  used 
by  the  animal  to  neutralize  non-oxidizable  acids. 


Digitized  by 


Qoogle 


ACIDS  AND  BASES  IN  ANIMAL  NUTRITION  27 

In  human  pathology  acidosis  of  the  first  type  is  most  commonly 
caased  by  oxybutyric  acid.  In  certain  liver  diseases  lactic  acid  is 
also  present  in  considerable  quantities  and  uric,  oxalic  and  aromatic 
acids  may  also  contribute  to  its  causation. 

Diabetic  coma  or  stupor  is  the  result  of  acidosis,  caused  by  a 
flooding:  of  the  tissues  with  oxybutyric  acid  and  the  related  acetic 
acid.  These  acids  are  represented  in  the  urine  of  healthy  human 
beings  by  acetone,  which  may  be  formed  from  acetic  acid  by  the 
splitting  off  of  carbon  dioxide. 

Stadelman'  first  proved  that  diabetic  coma  was  caused  by  an 
increased  formation  of  these  acids  and  that  they  were  excreted  by 
the  kidneys  in  combination  with  ammonia. 

These  acids  are  formed  in  the  body  from  fats  (Magnus-Levy") 
and  their  formation  is  caused  by  lack  of  carbohydrate  (Hirschfeld") 
in  the  diet,  or  by  derangrement  of  the  carbohydrate  metabolism,  as 
in  diabetes. 

Oxalic  acid,  which  is  difficultly  oxidizable,  may  also  contribute 
to  the  causation  of  acidosis  in  human  beings.  It  is  introduced  into 
the  body  in  foods  of  vegetable  origin  and  is  to  some  extent  formed 
in  the  body  itself. 

Acidosis  of  the  second,  or  relative  type,  is  caused  principally  by 
the  sulphuric  and  phosphoric  acids  normally  produced  in  the  body 
by  the  cleavag'e  and  oxidation  of  proteids,  either  of  foods  or  tissues, 
containing  sulphur  and  phosphorus  as  constituent  parts. 

The  formation,  from  fatty  acids  and  alkalis  in  the  intestine,  of 
scaps,  which  because  either  of  difficult  solubility  or  of  digestive  dis- 
turbance are  passed  off  in  the  feces  instead  of  being  resorbed,  is  a 
prominent  factor  in  the  production  of  the  second  type,  or  relative 
acidosis,  particularly  in  infants  suffering  from   digestive  disorders. 

The  essential  cause  of  acidosis  is  a  disturbance  by  acids,  of  the 
reaction  of  the  blood.  Henderson*  regards  both  blood  and 
protoplasm  to  be  characterized  by  **a  very  faint  preponderance  of 
alkalinity." 

Neutrality  of  blood.  The  cause  of  this  approximate  neutrality 
is,  according  to  Henderson,  largely  the  result  of  a  physico-chemical 
equilibrium  between  the  carbonic  acid,  sodium  bicarbonate,  mono- 
sodium  phosphate  and  di-sodium  phosphate  contained  therein  and 
maintained  by  secretory  capacity  of  the  lungs  and  kidneys. 

Henderson  explains  the  existence  of  this  equilibrium  as  follows: 

**In  protoplasm  phosphates  are  present  in  very  great  amount, 
undoubtedly  as  mixtures  of  mono-  and  di-potassium  phosphates  and 
similar  salts;  such  mixtures  constitute  a  nearly  neutral  solution 
which  has  the  remarkable  property  of  being  able  to  take  up  large 
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quantities  of  acid  or  alkali  without  becoming:  acid  or  alkaline.  This 
behavior  is  easily  explained  by  the  facts  that  acid  sufficient  to  con- 
vert all  the  di-potassium  phosphate  of  such  a  mixture  into  mono- 
potassium  phosphate  must  be  added  before  the  slight  acidity  of 
mono-potassium  phosphate  is  obtained,  and  that  enough  alkali  to 
convert  all  the  acid  potassium  phosphate  into  di-potassium  phos- 
phate must  be  added  before  the  faint  alkaline  reaction  of  the  latter 
substance  is  obtained,  while,  in  accordance  with  the  requirements 
of  the  concentration  law,  all  mixtures  of  the  two  substances  are 
much  more  nearly  neutral  than  either  alone." 

Symptoms  of  acidosis.  The  symptoms  of  acute  acidosis  are 
**air  hunger,"  rapidity  of  the  pulse,  depression,  stupor  and  deep 
coma.  These  symptoms  seem  to  result  from  diminished  oxidation, 
due  to  an  accumulation  of  carbon  dioxide  in  the  tissues.  This 
is  caused  by  the  diminished  alkalinity  of  the  blood,  which  results  in 
its  inability  to  transport  carbon  dioxide  to  the  lungs. 

The  most  important  effects  of  a  deficiency  of  mineral  bases  or 
an  excess  of  mineral  acids  in  the  body  are  not  made  apparent  by  the 
above-mentioned  acute  symptoms.  Of  vastly  greater  importance 
must  be  the  less  noticeable  influence  of  slightly  unbalanced  rations 
upon  the  development  and  general  health  of  animals,  when  these  in- 
fluences remain  operative  during  long  periods^  of  time.  Little  that 
is  definite  is  as  yet  known  regarding  these  effects.  We  feel  safe  in 
assuming,  however,  since  acute  malnutrition  of  the  bones  may  be  so 
readily  caused  in  a  few  weeks  by  irrational  nutrition,  that  a  slight 
departure  from  the  optimum  relationship  of  bases  to  acids  in  the 
food,  if  persisted  in  during  the  whole  of  the  growing  period,  cannot 
be  without  serious  consequences  in  the  development  of  the 
skeleton. ' 

Indeed,  it  is  a  matter  of  common  knowledge  that  prevailing 
methods  of  feeding  of  swine  in  the  Corn  Belt  result  in  just  such  a 
gradual  moulding  of  the  style  of  growth  as  the  animal  develops,  and 
this  at  least  partially  on  account  of  the  acid  ash  of  com. 

After  so  much  has  been  said  about  excess  of  mineral  acid  in  the 
animal  body,  a  fair  question  would  be:  ^^What  about  mineral  bases? 
Would  not  an  excess  of  alkali  be  equally  dangerous?"  So  it  might  be, 
but  the  body  has  apparently  an  entirely  adequate  method  of  dis- 
position of  alkalis  so  that  injurious  excess  does  not  occur.  Volatile 
alkali  (ammonia)  is  excreted  in  salts  of  mineral  or  organic  acids,  or 
as  urea  and  fixed  alkali  (sodium  and  potassium)  and  alkaline  earths 
(calcium  and  magnesium),  as  salts  either  of  acids  such  as  sulphuric, 
phosphoric,  hydrochloric  or  carbonic  acid,  or  of  certain  organic 
acids. 
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The  neutralization  of  acids.  A  very  slight  disturbance  by 
adds  of  the  reaction  of  the  blood  must  result  in  a  complete  dis- 
appearance from  it  of  carbon  dioxide.  Thus  it  becomes  a  matter 
of  much  importance  to  the  animal  that  the  neutrality  or  sli^rht 
alkalinity  of  the  blood  be  abundantly  safeguarded. 

In  herbivora  this  is  accomplished  by  the  formation  of  carbon* 
ates,  in  the  body,  by  oxidation  of  the  abundant  organic-acid-salts  of 
sodinm,  potassium,  calcium  and  magnesium  which  are  found  in  vege- 
table foods,  and  under  ordinary  circumstances  the  carbonates  thus 
formed  are  quite  suflScient  to  meet  the  requirements  of  the  animal. 
In  this  class  of  animals  there  is  but  very  slight  provision  for  any  other 
method  of  neutralization  of  acids. 

Because  of  the  practical  inability  of  herbivora  to  neutralize  acids 
with  ammonia  and  the  limited  capacity  of  camivora  and  omnivora 
to  do  the  same,  there  comes  a  time,  with  increased  consumption  or 
production  of  non-oxidizable  acids,  and  much  more  quickly  with 
herbivora  than  with  omnivora  and  camivora,  when  the  animal  is  no 
longer  able  to  maintain  the  neutrality  of  its  blood  and  tissues.  At 
this  point  acute  symptoms  of  acid  intoxication,  or  acidosis,  as  it  is 
called,  appear  and  death  may  follow  quickly  vnth  symptoms  of 
asphyxia. 

Omnivora  and  carnivora  consume  comparatively  little  mineral 
base  in  combination  with  organic  acid  and  also  comparatively  little 
preformed  carbonates.  Further  than  this,  their  food,  being  much 
richer  in  protein  than  the  food  of  the  herbivora,  produces  corre- 
spondingly greater  amounts  of  sulphuric  and  phosphoric  acids  by 
its  cleavage  and  oxidation  within  the  body.  Hence  we  see  that  there 
is  necessity  for  the  provision  of  an  extensive  acid-neutralizing 
function  in  these  animals.  In  accord  with  this  requirement  we  find 
that  camivora  and  omnivora  hai^e  the  capacity  to  neutralize  a  certain 
amount  of  acid  in  the  body  with  ammonia.  This  use  of  ammonia 
for  acid-neutralization  does  not  increase  in  extent  proportionately 
with  increase  in  the  consumption  of  protein,  however;  otherwise 
there  would  be  no  such  thing  as  acidosis  from  an  exclusive  protein 
diet,  the  fact  of  the  existence  of  which  is  abundantly  demonstrated. 

This  ammonia  which  is  used  for  acid-neutralization  has  its  origin 
in  three  distinct  processes. 

(1)  Ammonia  is  produced  in  the  digestive  tract  in  considerable 
quantities,  and  by  way  of  the  portal  vein  and  other  channels  reaches 
the  other  tissues  of  the  body.  It  is  also  formed  in  all  the  organs  of 
the  body  and  by  them  is  contributed,  possibly  as  the  carbamate,  to 
the  blood.  According  to  Magnus-Levy*  the  process  of  splitting 
off  ammonia  from  protein  is  widely  prevalent  and  generally,  or  often. 
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precedes  the  oxidation  of  the  carbon-containing  residue.  Thus  we 
may  consider  ammonia  as  a  normal  product  of  the  disintegrration  of 
protein  and  its  universal  presence  in  the  tissues  as  affording:  a 
sligrht  store  of  alkali  available  for  acid-neutralization. 

(2)  A  second  fraction  may  be  considered  to  be  split  off  from 
proteids  especially  for  the  purpose  of  acid-neutralization.  Thus 
Folin*  says:  *'In  the  study  of  ammonia  as  a  product  of  metab- 
olism,* it  must  be  remembered  that  this  substance  is  a  base,  and  its 
formation  in  the  animal  organism  is  therefore  probably  quantitatively 
determined  by  the  necessity  of  forming  salts."  Magnus-Levy' 
with  the  same  idea  in  mind  says:  ^'As  soon  as  the  amount  of  acid 
produced  exceeds  the  amount  necessary  to  neutralize  the  stored- 
up  ammonia  or  other  alkali,  autolysis!  sets  in,  and  nitrogenous  equi- 
librium ceases  to  be  maintained." 

"In  well  nourished  animals  there  is  always  an  excess  of  ammonia 
present  which  gradually  disappears  as  the  animal  is  deprived  of 
food.  A  certain  stage  will  then  be  reached  when  the  production  of 
acid  exceeds  the  amount  of  ammonia  available  for  neutralization;  the 
autolytic  enzyme  them  comes  into  play,  liberates  amino-acids,  etc., 
which  in  their  turn  pass  to  the  alimentary  tract,  and  by  means  of 
the  metabolic  processes  taking  place  then  liberate  ammonia,  which 
again  inhibits  the  production  of  nitrogenous  degradation  products." 
This  second  fraction  then,  may  be  considered  to  represent  a  pur- 
posive adjustment. 

(3)  The  third  source  of  ammonia  available  for  acid-neutraliza- 
tion is  of  much  greater  importance,  quantitatively,  than  the  two 
above-mentioned.  This  fraction  becomes  available  through  its  with- 
drawal from  urea  formation  in  the  liver. 

In  mammals,  very  much  the  greater  part,  about  80  percent,  of 
the  nitrogen  leaving  the  body,  reaches  the  kidneys  as  urea.  It  is 
formed  chiefly  in  the  liver,  though  also  to  slight  extent  in  other 
organs,  and  chiefly  by  synthesis,  or  constructive  reaction,  from 
ammonium  compounds,  possibly  from  the  carbamate  or  the  car- 
bonate, though  probably  also  formed  to  some  extent  (Drechsel') 
directly  from  certain  proteids  by  a  simple  splitting  or  cleavage  of 
the  compound,  with  the  taking  up  of  water,  and  thug  without  synthe- 
sis or  constructive  change. 

*   Metabolism  Is  chemical  change  due  to  the  prooesaes  of  life. 

t  Autolysis  is  that  tsrpe  oi  chemical  change  from  complex  to  simpler  compounds  which  is  exem- 
plified in  the  ripening  of  beef  and  cheese.  Such  changes  are  produced  through  the  agency  of  a  group  of 
chemical  compounds  which  are  universally  present  in  plant  and  animal  tissues  and  which  are  known 
asonxymes. 
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This  formation  of  urea  in  the  liver,  from  ammonium  compounds, 
may  be  spoken  of  as  for  the  purpose  of  affording  the  body  protection 
from  ammonia.  Thus  we  may  consider  that  the  ammonia  in  the 
body,  available  for  purposes  of  acid-neutralization,  comes  (1)  from 
the  tissues,  (2)  from  body  proteids  and  (3)  by  withdrawal  from  urea 
formation. 

The  nitrogen  of  the  urine  may  be  caused  to  appear  therein  almost 
wholly  as  ammonium  salts  by  the  administration  of  mineral  acids. 
Conversely  the  nitrogen  of  the  urine  may,  by  the  administration  of 
ilkali  carbonates,  be  caused  to  appear  in  the  form  of  urea,  with  a 
^eat  reduction  in  the  amount  of  ammonium  salts  present. 

Walther**  first  proved,  with  dogs,  that  after  administering 
hydrochloric  acid,  there  was  a  marked  increase  in  the  ammonium 
salts  of  the  urine,  about  three-fourths  of  the  hydrochloric  acid  being 
excreted  in  this  form. 

Organic  acids,  in  general,  cause  no  increase  in  the  excretion  of 
nitrogen  as  ammonium  salts  since  they  are,  as  a  rule,  oxidized  to  car- 
bon dioxide  and  water  and  are  excreted  in  these  compounds;  benzoic 
and  certain  related  acids,  however,  are  not  oxidized,  and  oxybutyric, 
acetic  and  lactic  acids  may  be,  like  the  mineral  acids,  excreted  in 
combination  with  ammonia. 

Now,  have  we  right  to  consider  that  neutralization  of  acids  by 
ammonia  affords  the  animal  as  complete  protection  as  their  neutral- 
ization by  fixed  alkalis  or  alkaline  earths? 

Voegtlin  and  King^^  suggest  that  the  ammonium  salts  them- 
selves may  play  "an  important  role  in  producing  the  symptoms  of 
these  diseases."  Intravenous  injections  of  ammonium  salts  of  lactic, 
hydrochloric  and  beta-oxybutyric  acids  produced  symptoms  of  acid 
intoxication,  while  intravenous  injections  of  calcium  salts  completely 
antagonized  the  toxic  action  of  the  ammonium  salts. 

According  to  A.  P.  Mathews*^  ammonium  salts  in  solution 
decompose,  not  only  into  the  ammonium  and  acid  groups  but  also,  to 
a  certain  extent,  with  the  taking  up  of  water,  into  ammonium 
hydroxide  and  the  free  acid.  These  decompositions  may  subject 
the  animal  to  the  action  of  ammonia,  as  stated  by  Mathews,  and  of  the 
acid  involved,  as  implied  by  Voegtlin  and  King.  Thus  we  may  con- 
sider it  at  least  a  possibility  -that  neutralization  of  acids  by  ammonia 
does  not  afford  an  animal  complete  protection  from  these  acids. 

A  second  source  of  acid-neutralizing  material  in  all  animals  is  the 
calcium  salts  of  the  bones  and  other  tissues.  Where  a  ration 
characterized  by  a  deficiency  of  mineral  bases  is  fed  during  a  con- 
siderable period  of  time,  as  for  instance,  in  feeding  corn  to  swine. 
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(see  experiments  by  the  author"),  the  withdrawal  of  mineral  matter 
from  the  bones  and  the  prevention  of  its  deposit  within  them,  may 
aflFect  not  only  the  size  and  strength  of  the  bones,  but  the  size  and 
general  style  of  development  of  the  animal. 

That  the  calcium  of  the  blood  may  also  be  used  for  acid-neutraliza- 
tion is  indicated  by  the  fact  of  the  great  variability  of  the  content  of 
blood  in  this  element.  According  to  Albu  and  Neuberg",  Bunge 
found  .04  percent  of  calcium,  reckoned  as  the  oxide,  while  Demstedt 
and  Rumpf  found  values  up  to  .27  percent.  That  the  calcium  con- 
tent of  the  blood  depends  upon  the  food  was  proven  by  Hirschler 
and  Terray  who  found  it  varying  between  .0023-.0051  percent  (CaO) 
in  accordance  with  the  food. 

Rey"  also  has  demonstrated  with  dogs  a  very  considerable 
retention  of  calcium  in  the  blood  for  some  days  and  Weiske  in  his 
experiments  with  rabbits  has,  by  feeding  calcium  carbonate  with 
oats,  shown  an  apparent  increase  in  the  calcium  carbonate  in  the  ash 
of  the  bones  from  5.5  and  6.2  percent  to  7.6  and  8.4  percent. 

According  to  Albu  and  Neuberg",  Riidel  found  with  dogs, 
after  the  administration  of  hydrochloric  acid,  an  increase  to  twice 
the  quantity,  and  Gathjens,  after  the  administration  of  sulphuric 
acid,  three  times  the  quantity  of  calcium  in  the  urine;  and  Caspari, 
after  giving  oxalic  acid,  as  much  as  ten  times  the  normal  average. 
Rumpf  saw  an  increase  of  50  percent  in  the  calcium  excretion  in  men, 
after  the  administration  of  lactic  acid  and  sodium  lactate. 

O.  Wellmann'®  found  that  the  calcium  and  phosphorus 
excreted  from  the  body  during  fasting  comes  from  bone  substance 
and  S.  W.  Patterson",  in  experiments  with  rabbits  fed  on  oat- 
meal and  corn-meal,  that  the  deficiency  of  these  foods  in  calcium 
results  in  a  loss  of  calcium  from  the  bones. 

Thus  in  considering  this  matter  of  balance  between  mineral 
acid  and  mineral  base  in  animal  nutrition,  we  must  think  of  the  acids 
as  produced  (1)  by  the  destruction  or  katabolism  of  the  body  pro- 
teids,  (2)  by  the  oxidation  of  food  proteids,  and  (3)  to  a  slight  extent 
by  the  decomposition  of  sodium  chloride  in  the  formation  of  gastric 
juice. 

On  the  other  hand  we  must  consider  the  bases  available  for  their 
neutralization  as  contributed  principally  (1)  by  the  carbonates  formed 
from  alkali  salts  of  organic  acids  in  the  food,  (2)  by  the  withdrawal 
of  ammonia  from  the  formation  of  urea  in  the  liver,  (3)  by  ammonia 
split  off  from  body  proteids,  for  the  purpose  of  acid-neutralization, 
(4)  by  carbonates  and  ammonia  of  the  tissues  and  (5)  by  the  de- 
composition of  sodium  chloride  in  the  formation  of  gastric  juice. 
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Effects  of  acidosis.  The  first  substantial  progress  toward  an 
understanding"  of  acidosis  was  due  to  the  studies  of  Forster,  Bunge 
and  Lunin. 

Forster"  fed  dogs  and  pigeons  on  practically  ash-free  food. 
They  succumbed  in  a  very  few  days.  He  considered  the  lack  of 
mineral  matter  to  be  the  cause  of  death. 

Bunge"  however,  suggested  that  the  fatal  termination  of  the 
experiment  might  be  due  to  sulphuric  acid  produced  by  the  oxidation 
of  protein. 

Lunin**  put  this  idea  to  a  test  by  feeding  mice  on  an  ash-free 
diet,  with  and  without  sodium  carbonate.  With  the  sodium  car- 
bonate the  mice  lived  twice  as  long  as  without  it,  because  this  salt 
neutralized  the  acids  produced  by  the  oxidation  of  proteids. 

Kemmerich'*  found  it  impossible  to  maintain  young  dogs  on 
meat-scrap  from  which  the  minerals  had  been  extracted. 

Salkowski"  and  Walter*'  found  that  the  administration 
of  hydrochloric  acid  to  rabbits  and  dogs  resulted  in  a  withdrawal 
from  their  bodies  of  the  fixed  alkalis,  and  in  death. 

Salkowski  first  learned  that  acids  produced  in  destructive  or 
katabolic  processes  of  human  beings,  of  camivora  and  of  herbivora 
may  be  excreted  united  with  mineral  bases. 

Effects  of  diet  of  meat.  Chalmers  Watson**  has  fotmd  that 
in  animals  fed  on  an  exclusive  meat  diet  the  bones  present  an  ap- 
pearance of  delayed  and  imperfect  ossification  with  increased  vas- 
cularity, or  blood  content,and  an  increase  in  the  number  of  red  blood- 
corpuscles.  The  symptoms  are  very  similar  to  those  in  rickets  in 
human  beings,  but  microscopic  examination  shows  that  they  are 
not  identical. 

D.  Forysth**  however,  fed  domestic  fowls  for  periods  vary- 
ing from  11  months  to  2  years  upon  meat,  supplemented  by  lime. 
The  animals  remained  healthy  and  their  bones  normal. 

E.  J.  Spriggs**  found  that  rats  when  fed  on  meat  alone  had 
rough  and  abnormal  coats,  but  that  when  liine  was  added  to  the  diet 
the  appearance  of  the  coat  was  nearly  normal. 

Effects  of  diet  of  cereals.  Weiske'V  found  that  exclusive  oat 
feeding  to  yoimg  rabbits  resulted  in  a  very  marked  demineralization 
of  the  skeleton  generally,  but  not  of  the  teeth.  His  observations  re- 
garding the  teeth  are,  he  says,  in  accord  with  those  of  H.  Beraz 
(Zeitschr.  f .  Biol.  Vol.  17,  p.  386.) 

While  the  dry,  fat-free  weight  of  the  skeleton  decreased,  that  of 
the  teeth  increased  during  the  feeding  of  oats,  with  calcium  sulphate 
m  one  case  and  tricalcic  phosphate  in  another. 
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It  is  of  interest  to  note  that  the  administration  of  calcium  phos- 
phate with  the  oats  did  not  prevent  a  loss  in  the  dry,  fat-free  weig-ht 
of  the  skeleton. 

Weiske  has  also  shown,  by  administering:  dilute  sulphuric  acid 
or  monosodium  phosphate  in  the  food,  to  rabbits  and  sheep,  that  the 
percentage  of  ash  in  the  bones  could  be  decreased.  By  continuous 
feeding:  of  cereals,  for  protracted  periods,  to  mature  herbivora,  he 
also  produced  demineralization  of  the  skeleton. 

In  unpublished  experiments  by  the  author,  with  swine,  in  the 
comparison  of  the  nutritive  values  of  various  compounds  of  phos- 
phorus, malnutrition  of  the  bones  has  been  caused  by  insufficiency  of 
mineral  bases  to  neutralize  the  mineral  acids  present.  A  low- 
phosphorus  basal  ration,  supplemented  with  hypophosphites, 
produced  acute  disturbance  of  nutrition,  as  shown  by  great  lameness, 
stupor,  excessive  fatness,  minimum  increase  in  weight  of  muscles, 
maximum  percentage  of  fat  in  the  increase,  decided  loss  in  breaking- 
strength  and  in  ash  per  cubic  centimeter  and  in  total  weight  of  ash  of 
the  bones.  This  ration  produced  knob-like  swellings  at  the  point 
of  union  between  the  ribs  and  their  cartilaginous  extensions  and 
required  modification  in  order  to  keep  the  pigs  alive  for  fifty-six  days. 

The  same  basal  ration,  supplemented  by  glycerophosphates  of 
the  same  mineral  bases,  produced  great  increase  in  the  size,  break- 
ing strength  and  total  ash  in  the  bones  and  also  in  the  ash  per  cubic 
centimeter  of  bones.*  There  was  also  a  maximum  increase  in  the 
weight  of  the  muscles  and  a  minimum  percentage  of  fat  in  the 
increased  weight,  and  the  pigs  throve  exceedingly.  These  differ- 
ences, in  so  far  as  they  relate  to  the  bones,  are  due  largely  to  the 
greater  proportion  of  acid  to  base  in  hypophosphites  than  in  glycero- 
phosphates; and  as  they  relate  to  muscular  development,  are  due  to 
the  fact  that  glycerophosphates  are  useful  in  muscular  growth,  while 
hypophosphites  will  not  sustain  development  of  these  tissues. 

In  earlier  work  the  author  found  that  water-extract  of  wheat 
bran,  which  contains  an  abundance  of  phosphorus  as  calcium-mag- 
nesium-potassium-phytate,  had  the  capacity  greatly  to  strengthen 
the  bones  of  pigs  and  to  contribute  to  the  growth  both  of  bones  and 
muscles,  but  when  this  food  was  used  in  excess  it  caused,  probably 
through  an  excess  of  acid  mineral  elements  contributed  to  the  ration, 
pathological  symptoms  and  much  less  increase  in  the  growth  of  bone 
and  muscle. 

*'Bran  disease,"  **shorts  disease"  or  "miller's  horse  rickets"  is 
in  all  probability  malnutrition  of  the  bones,  possibly  combined  with 
acidosis,  due  to  lack  of  calcium  in  the  food,  and  perhaps  to  a  super- 
abundance of  acid  mineral  elements;  possibly  also  to  an  excess  of 
magnesium. 
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It  is  very  well  known  by  all  intelligrent  swine-breeders  that 
com  alone  does  not  produce  maximum  growth  of  bone.  The  fact 
has  also  been  proven,  many  times  over,  by  a  large  number  of  experi- 
menters in  the  field  of  animal  husbandry,  especially  by  Henry,of  Wis- 
consin, and  by  thousands  of  stock-raisers  in  every-day  practice,  that 
the  addition  of  mineral  matter,  either  in  other  foods  or  by  itself  as  in 
wood-ashes  or  bone-meal,  is  beneficial  to  bone  formation  and  also,  to 
some  extent,  to  structural  development  generally. 

This  deficiency  of  com  in  mineral  matter  is  due  to  a  lack  of 
mineral  bases  g'enerally  and  to  lack  of  calcium  especially,  and  prob- 
ably also  to  a  lack  of  phosphorus.  It  is  possible  that  unfavorable 
effects  are  also  due  to  an  excessive  proportion  of  magnesium  in  rela- 
tion to  calcium.  In  bone  there  is  86  times  as  much  calcium  as  mag- 
nesium and  in  the  body  generally  about  40  times  as  much,  while  in 
corn  there  is  ten  times  as  much  magnesium  as  calcium.  Certain 
evidence  lends  support  to  the  idea  that  this  disproportion  of  calcium 
to  magnesium  in  corn  may  be  a  matter  of  importance.  In  our  ex- 
periments com  alone  has  produced  weak  bone  and  little  muscle, 
while  the  addition  of  protein  and  mineral  matter,  in  the  shape  either 
of  organic  or  inorganic  phosphates,  has  proven  quite  effective  to 
canse  increased  capacity  to  produce  bone  and  muscles.  Feeding  on 
com  alone  often  results  in  the  "breaking  down"  of  fat  hogs  on  the 
way  to  market  and  of  brood  sows  upon  the  farm.  Show  hogs  often 
exhibit  symptoms  of  a  similar  weakening  of  the  tendinous  attach- 
ments when  **let  down"  too  rapidly  after  the  show  season  and  hogs 
being  fitted  for  show  are  often  **fed  off  their  feet,"  as  the  saying 
goes,  by  crowding  them  along  too  fast  on  foods  which  contain  a  de- 
ficiency of  mineral  bases  (especially  calcium)  in  relation  to  the  acid 
mmeral  elements  present. 

MALNUTRITION  OF  THE  BONES. 

These  above  cases  of  malnutrition  of  the  bones  are  the  results  of 
two  factors,  (1)  lack  of  bone-forming  constituents  and  (2)  an  excess, 
either  absolute  or  relative  to  mineral  bases,  of  acid  mineral  elements. 

These  same  factors  receive  consideration  as  contributory  causes 
of  osteomalacia,  rickets  and  osteoporosis,  diseases  in  which  malnu- 
trition of  the  bones  is  a  prominent  symptom,  though  malnutrition  is 
by  no  means  the  sole  cause  of  these  difficulties. 

Rickets  and  osteomalacia  are  diseases  involving  various  tissues; 
among"  others,  the  bones.  In  rickets  demineralization  occurs 
through  a  loss  of  capacity,  by  the  bone-forming  tissue,  of  the  power 
of  absorbing  and  assimilating  calcium.  In  osteomalacia  there  is  a 
bssof  the  power  of  the  bones  to  retain  calcium.    The  cause  of 
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neither  disease,  as  it  occurs  in  human  beings,  is  known.  While 
these  diseases  often  follow  deficiency  of  the  food  in  calcium  and 
phosphorus,  this  is  by  no  means  the  only  cause  and  in  human  be- 
ings, at  least,  apparently  not  the  fundamental  one,  especially  in 
rickets.  • 

Osteomalacia.  In  osteomalacia  it  appears  that  the  carbonates 
are  not  removed  from  bone  more  rapidly  than  the  phosphates. 

Magnus-Levy'*  found  in  the  bones  of  a  woman  who  had  died 
from  osteomalacia  that  the  calcium  and  phosphorus  decreased  in  the 
same  ratio,  one  to  another,  as  that  in  which  they  occur  in  normal 
bone.  In  treating  fresh,  normal  bone  with  lactic  acid,  much  more  of 
the  carbonate  dissolves  out  than  of  the  phosphate. 

Mohr''  says  regarding  metabolism  in  osteomalacia,  *lt  is  an 
important  fact  that  the  loss  of  mineral  matter  affects  all  the  con- 
stituent elements  equally  and  not  the.calcium  especially.*' 

Thus  it  is  apparent  that  the  loss  of  mineral  matter  from  the 
bones  in  osteomalacia  is  directly  due  to  autolysis  and  not  to  solution 
in  free  acids. 

Veterinary  writers  usually  say  without  qualification  that  osteo- 
malacia is  caused  by  lack  of  mineral  salts  in  the  food.  Thus  Atkin« 
son  and  Mohler'*  say,  "The  cause  of  this  affection  is  the  insuf- 
ficiency or  total  absence  of  lime  salts  in  the  food,  also  to  feeding  hay 
of  low,  damp  pastures,  kitchen  slops  and  potatoes,  or  to  overstock- 
ing lands.  It  occurs  on  old,  worn-out  soil,  devoid  of  lime  salts,  and 
has  been  observed  to  follow  a  dry  season.  The  disease  in  this 
country  is  confined  to  localized  areas  in  the  Southwest,  known  as  the 
"alkali  districts,"  and  to  the  old  dairy  sections  of  New  York." 

In  the  ISth  Annual  Report  of  the  Bureau  of  Animal  Industry, 
1898,  p.  530,  osteomalacia  is  reported  as  common  in  Texas, 
especially  in  dry  summers.  The  cause  is  here  stated  to  be  an 
insufficient  supply  of  certain  mineral  ingredients  in  the  food, 
probably  phosphates  of  lime. 

Law"  speaks  of  the  prevalence  of  the  disease  in  damp  low- 
lands of  Belgium  and  Jutland,  in  the  Swiss  valleys,  on  the  damp 
lands  of  New  Jersey  and  the  Carolina  seaboard,  and  generally  on 
damp  pastures  with  rank,  watery  herbage. 

A  large  number  of  agriculturists  and  veterinarians,  in  Europe 
and  in  South  Africa,  also  believe  that  the  cause  of  osteomalacia  is 
a  deficiency  of  the  herbage  in  calcium  and  phosphorus,  either  be- 
cause of  natural  poverty  of  the  soils  in  these  elements,  as  in  parts  of 
South  Africa,  and  in  certain  regions  in  the  Hawaiian  Islands,  or 
because  of  abnormally  low  calciumi  and  phosphorus  contents  of  the 
forage  on  worn  lands,  following  a  dry  season. 
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The  above  id^as  as  to  causes  of  osteomalacia  in  live-stock  are 
easily  harmonized. 

In  dry  seasons  the  minerals  in  the  forage,  are  deficiei;it  because 
of  diminishe'd  transpiration  of  water.  In  dry  regions  we  have  the 
same  condition  present.  Scanty  food,  due  either  to  drought  or  to 
over-stocking-  of  the  pasture,  also  limits  the  amount  of  mineral 
nutrients  available  to  the  animal.  On  soils  naturally  deficient  in 
lime  or  phosphorus,  or  on  those  depleted  by  tillage,  the  forage  is 
low  in  these  element^.  On  abnormally  damp  pastures  or  poor  lands 
a  low  mineral  intake  might  be  explained  simply  by  the  bulky 
character  of  the  watery  grass.  Then  too  its  laxative  character 
would  interfere  with  the  utilization  of  its  nutrient  constituents. 
The  author  has  seen  chinch  bugs  thrive  exceedingly  in  an  insectary 
on  scantily  watered  com,  while  they  drank  themselves  to  death  on 
the  dilute  sap  of  generously  watered  plants.  Animals  most  likely  to 
suffer  from  osteomalacia  are  colts,  cows  with  the  first  calf  and  heavily 
producing  milk  cows. 

The  symptoms,  according  to  Atkinson  and  Mohler",  are 
"a  gradual  emaciation  and  symptoms  of  gastro-intestinal  catarrh, 
with  depraved  appetite,  the  animal  eating  manure,  decayed  wood, 
dirt,  leather,  etc.  Muscular  weakness  is  prominent,  together  with 
muscle  tremors,  which  simulate  chills,  but  are  not  accompanied  by 
any  rise  of  temperarture.  The  anim^.!  has  a  stifiF,  laborious  gait; 
there  is  pain  and  swelling  of  the  joints,  and  constant  shifting  of  the 
weight  from  one  leg  to  another.  The  restricted  movements  of  the 
jomts  are  frequently  accompanied  by  a  crackling  sound,  which  has 
caused  the  name  of  *'creeps"  to  be  applied  to  the  disease.  The  coat 
is  dull  and  rough  and  the  skin  dry  and  hidebound.  The  animal  is 
subject  to  frequent  sprains  or  fracture  of  bones  without  apparent 
cause,  as  in  lying  down  or  turning  around,  and  when  such  fractures 
occur  they  are  difficult  to  unite.  The  bones  principally  involved  are 
the  upper  bones  of  the  legs,  the  haunch  bone,  and  the  middle  bones 
of  the  spinal  column." 

Friedberger  and  Frohner'^  consider  that,  in  live  stock,  there 
is  a  close  relationship  between  osteonialacia  and  rickets  and  speak  of 
rachitis  as  '*a  form  of  osteomalacia  due  to  special  conditions  of 
growth  of  the  young  bone." 

They  consider  an  insufficient  quantity  of  calcium  in  the  food, 
either  from  deficiency  of  the  soil  in  calcium,  or  from  climatic  in- 
fluence, to  be  a  cause  of  this  disease. 

Bran  disease  of  horses  they  describe  as  but  a  form  of  rickets 
and  also  say  that  in  old  animals  it  is  identical  with  osteomalacia. 


Digitized  by 


Google 


38  OHIO  EXPERIMENT  STATION:  BULLETIN  207 

In  this  disease  there  are  bony  enlargements  about  the  articula- 
tions of  the  knees  and  tarsus  and  changes  appear  in  the  bones  of  the 
head,  including  loss  of  the  teeth.     The  disease  may  res;ilt  fatally. 

Friedberger  and  Frohner  speak  of  rickets  as  being  especially 
common  in  young  pigs  and  dogs  and  state  that  its  dominating  cause  is 
want  of  calcareous  salts  in  the  food. 

Prominent  among  the  anatomical  symptoms  are  congestion  and 
thickening  of  the  periosteum;  the  bone  becomes  covered  with 
exostoses,  especially  at  points  of  muscular  attachment;  muscular 
contractions  may  remove  the  thickened  periosteum;  profound 
changes  also  occur  at  the  ends  of  the  long  bones  which  result  in  ab- 
normal growth  of  the  cartilage  and  in  various  deformities.  In  live- 
stock this  disease  responds  readily  to  treatment  with  calcium  phos- 
phate, which  may  be  supplied  mixed  with  salt.  A  change  of  ration 
to  one  containing  an  abundance  of  calcium  is  also  of  decided  benefit. 

Osteoporosis.  This  disease  appears  to  be  distinct  from  osteo- 
malacia. Its  cause  is  unknown.  It  does  not  respond  to  medication 
with  calcium  phosphate  and  is  not  caused  by  deficiency  of  the  food 
in  calcium  and  phosphorus,  though  this  may  be  a  contributory  cause. 

Mohler"  says  of  this  disease:  "In  the  southwest,  where 
osteomalacia  or  "creeps"  has  not  infrequently  been  observed  by  the 
writer  among  range  cattle,  no  case  of  osteoporosis  of  the  horses 
using  the  same  range  has  been  noted,  although  the  latter  are  given 
no  more  care  or  attention  than  the  cattle." 

"Osteoporosis  is  a  general  disease  of  the  bones  which  develops 
slowly  and  progressively  and  is  characterized  by  the  absorption  of 
the  calcareous  or  compact  bony  substance  and  the  formation  of  en- 
larged, softened  and  porous  bone.  This  fragile  and  deformed  con- 
dition is  particularly  manifest  in  the  bones  of  the  head,  causing  en- 
largement and  bulging  of  the  face  and  jaws,  thereby  giving  rise  to 
the  terms  "big  head"  and  "swelled-head"  which  are  applied  to  it. 
The  disease  affects  horses,  mules  and  asses  of  all  ages,  classes,  breeds, 
and  of  both  sexes,  but  is  probably  more  frequently  observed  in 
mature  horses  and  Shetland  ponies.  The  disease  is  found  under  all 
soil,  food  and  climatic  conditions." 

The  terms  "osteoporosis"  and  "big-head"  have  also  been  used 
by  A.  W.  Bitting'*,  of  the  Florida  Station,  to  apply  to  the  same 
disease. 

There  is  some  confusion  in  literature  regarding  the  application 
of  the  term  "osteoporosis"  for  Mohr**  uses  it  to  apply  to  experi- 
mentally produced  fragility  of  the  bones  caused  by  the  administra* 
tion  of  lactic  acid  or  of  foods  containing  no  lime. 
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Hammarsten**  referring:  to  the  experiments  of  E.  Voit  uses 
the  term  "osteoporosis"  to  apply  to  rachitic  changes  in  bones  of  young 
animals,  caused  by  lack  of  calcium  salts  in  the  food. 

In  this  country  we  use  "osteoporosis"  to  signify  a  definite 
disease,  especially  of  horses,  which  is  not  caused  by  a  lack  of  lime 
salts  in  the  food.  This  use  of  the  term  is  also  so  general  elsewhere 
among  veterinarians,  that  it  should  be  restricted  in  its  application  to 
this  communicable  disease. 

H.  Ingle,**  writing  from  Transvaal,  reports  analyses  of  the 
bones  of  horses,  mules  and  asses  which  had  suffered  from  osteo- 
porosis. He  found  the  ratio  of  nitrogen  to  ash  to  be  1:10.8  in  bones 
of  animals  which  had  suffered  from  this  disease  and  1:14.37  in  sound 
bones.  The  relation  of  phosphorus  to  calcium  was  the  same  in  both 
cases.  ' 

Ingle  considers  that  the  cause  of  the  disease  is  the  low  proportion 
of  calcium  to  phosphorus  in  the  oat-hay  and  Indian  corn  which  com- 
pose the  usual  ration  for  these  animals  in  Transvaal. 

From  Laws  and  Gilbert's  analyses  he  concludes  that  the  amounts 
of  lime  and  phosphorus  pentoxide  in  the  ash  of  foods  should  be  about 
equal.  In  the  ash  of  South  African  oat-hay  he  finds  the  proportion  of 
phosphorus  pentoxide  to  lime  to  be  as  100:51  and  he  quotes  Wolff's 
analyses  showing  the  proportion  of  phosphorus  pentoxide  to 
lime  to  be  in  Indian  corn  as  100:4. 

Ingle  also  notes  the  fact  that  the  ash  of  wheat  bran  contains 
phosphorus  pentoxide  and  lime  in  proportion  of  100:9  and  considers 
its  poverty  in  lime  to  be  the  cause  of  "bran  rachitis,"  "bran  disease" 
or  "miller's  horse  rickets."  The  evidence,  however,  does  not  sus- 
tain Ingle's  belief  that  deficiency  of  the  forage  in  calcium  is  the 
primary  cause  of  osteoporosis. 

D.  Hutcheon,  Chief  Veterinary  Surgeon  in  Cape  of  Grood  Hope, 
whose  abundant  experience  with  osteomalacia  in  South  Africa  leaves 
him  with  the  conviction  that  this  disease  is  caused  by  deficiency  of 
the  food  in  bone-forming  constituents,  and  who  has  found  that  it 
responds  readily  to  medication  with  salts  of  calcium  and  phosphorus, 
insists  that  the  osteoporosis  of  horses  is  an  entirely  distinct  malady 
and  that  it  is  not  caused  primarily  by  deficiency  of  the  food  in  cal- 
cium salts;  further,  he  finds  that  it  does  not  respond  to  treatment 
with  bone-meal  as  does  osteomalacia.  It  is  apparently  a  com- 
monicable  disease  though  the  method  and  cause  of  infection  are 
unknown* 

Hutcheon  distinguishes  between  the  effects  of  these  diseases 
npon  the  bones  in  part  as  follows: 
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/In  osteomalacia  the  diseased  bones  retain  their  normal  size^and 
external  appearance,  but  there  is  a  softening*  of  the  walls  of  the 
bones,  with  slight  enlargement  of  the  medullary  spaces,  the  marrow 
in  which  becomes  highly  vascular,  and  an  increase  in  the  cancellous 
tissue  toward  the  ends  of  the  long  bones." 

"In  osteoporosis  the  affected  bones  are  enlarged,  their  tissues  soft 
and  elastic  and  their  honeycomb  structure  f ujl of  extravasated  blood. 
The  osseous  tissue  is  pink,  soft,  easily  cut  with  a  knife,  is  spong^y, 
elastic  and  yields  blood  upon  pressure.  The  Haversian  canals  are 
greatly  enlarged  and  filled  with  gelatinous  exudate." 

The  most  that  can  be  said  relative  to  remedial  treatment  is  that 
a  change  of  conditions  and  surroundings  often  affects  a  cure  even  in 
cases  that  have  become,  severe. 

THE  HUMAN  DIETARY. 

This  subject  is  of  importance  in  human  nutrition  because  of  its 
bearing  upon  the  matter  of  diet  in  diseased  conditions  and.  because 
of  possible  cumulative  effects  upon  the  development  of  the 
tissues  through  slightly  abnormal  conditions  long  sustained. 

This  generation  of  Americans,  at  least,  feed  themselves  a  super- 
abundance of  protein,  especially  in  the  form  of  meat.  Meat  does  not 
contain  enough  mineral  base  to  neutralize  the  mineral  acids  which 
may  be  produced  from  it  in  the  body. 

Vegetables  and  fruits  are,  because  of  their  great  excess  of 
basic  over  acid  mineral  elements,  much  better  suited  to  supplement 
meat  than  are  the  cereal  preparations,  none  of  which  have  any  con- 
siderable preponderance  of  mineral  base,  while  in  most,  the  balance 
is  in  favor  of  mineral  acid. 

White  bread  has  an  excess  of  acid  minerals  and  so  have  corn  and 
most  of  our  multitudinous,  prepared  breakfast  foods. 

This  overconsumption  of  protein,  especially  in  meat,  coupled 
with  our  increasing  use  of  cereal  preparations  and  of  sugar,  which 
supplies  carbohydrates  without  basic  mineral  matter,  requires  of  us  ' 
that  we  give  attention  to  those  foods  which  are  by  nature  fitted  to 
supplement  this  one-sided  ration.  Such  foods  are  vegetables,  es- 
pecially, and  also  fruits. 

We  do  not  have  definite  evidence  upon  the  strength  of  which  to 
assert  that  a  failure  to  consider  this  matter  has  led  to  the  develop- 
ment of  weak  bones  and  poor  teeth  in  human  beings,  but  since  the 
skeletons  of  other  animals  may  be  ruined  by  a  very  few  weeks'  feed- 
ing of  these  animals  on  meat  alone  or  cereals  alone,  we  must  in  fair- 
ness to  ourselves  consider  it  at  least  a  possibility  that  wrong  habits  in 
the  choice  of  food,  especially  for  children,  may  in  the  course  of  the 
growing  period  unfavorably  influence  the  development  of  the  bones. 
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The  ]ik^g  for  vegetables  often  requires  to  be  cultivated  in  a 
child  and  not  all  children  care  for  milk.  Two  such  have  come  to  the 
author's  notice.  Fortunately  they  are  fond  of  fruit.  Without  fruit 
or  vegetables  or  milk  it  would  be  difficult  to  satisfy  a  child  with  foods 
which  provide  a  sufficient  excess  of  mineral  base  over  mineral  acid, 
<o  insure  the  maximum  growth  of  healthy  bones. 

It  is  easier  and  more  comfortable  tb  trust  to  instinct  in  these 
matters,  but  with  our  increasing  independence  in  the  choice  of  food, 
we  must  accept  the  burden  imposed  by  our  prosperity  and  learn 
rationally  to  shape  our  ways.  Our  interest  in  these  matters  is 
exactly  similar  to  that  of  the  traveller  by  foot  who  after  having  taken 
to  an  automobile,  comes  to  have  a  new  concern  as  to  whether  it  is  a 
field  or  a  declivity  over  the  hedge  at  the  next  turn  of  the  road. 

Where  somany  of  the  ills  to  which  the  flesh  is  heir  are  due  to, 
or  are  influenced  by,  derangements  of  nutrition  it  seems  that  know- 
ledge in  this  field  should  be  a  part  of  whatever  system  of  living  or 
education  one  may  choose  to  follow. 

Acidosis  in  infants.  In  infant  feeding,  acidosis  is  an  exceed- 
ingly common  source  of  trouble.  The  difficulty  is  most  frequently 
met  with  in  artificially  fed  infants. 

Cow's  milk  supplies  to  the  infant  a  greater  amount  of  digestible 
protein  in  proportion  to  available  alkali  than  human  milk  and  hence 
the  acids  formed  by  oxidation  of  this  protein  will  be  greater  in 
amount,  relative  to  alkali  available  for  their  neutralization.  This 
calls  for  ammonia  to  make  good  the  deficiency. 

Another  factor  in  the  causation  of  infantile  acidosis  is  the  high 
fat-content  of  cow's  milk.  Steinitz  showed  that  the  increased  excre- 
tion of  ammonitim  salts,  on  a  milk  diet  rich  in  fat,  was  a  consequence 
of  the  removal  of  alkali  by  way  of  the  intestine.  A  part  of  the  cal- 
cium, which  normally  would  be  excreted  as  calcium  phosphate,  forms 
a  difficultly  soluble  calcium  soap  with  fats  of  the  food,  and  is  then  ex- 
creted in  the  feces.  Either  excess  or  indigestible  character  of  the  fat 
in  the  food  may  cause  this  increased  elimination  of  alkalis  in  the 
feces,  which,  together  with  the  consequent  increased  ammonia  excre- 
tion by  the  kidneys,  constitute  the  two  most  prominent  indications 
of  acidosis. 

The  use  of  skim  milk,  butter-milk,  barley  gruel,  orange  juice 
and  egg  albumen  tend  to  alleviate  symptoms  of  acidosis  by  virtue 
either  of  low  fat-content  or  predominance  of  basic-  over  acid 
mineral  elements. 

The  limited  capacity  of  young  animals  to  tolerate  fat  in  the  food 
is  a  matter  of  common  observation  among  stockmen.  Cattle  raisers 
commonly  believe  that  calves  thrive  better  on  Shorthorn  or  Holstein 


Digitized  by 


Google 


♦2  OHIO  EXPERIMENT  STATION:  BULLETIN  207 

milk  than  upon  richer  Jersey  milk,  and  successful  showmen  com- 
monly use  as  nurse  cows,  individuals  of  the  breeds  which  yield 
milk  relatively  low  in  fat. 

As  bearing  upon  the  feeding  of  infants  we  would  call  attention 
to  the  fact  that  selection  has  increased  the  fat-content  of  the  Jersey 
cow's  milk  until  even  her  own  calf  will  thrive  better  on  the  milk  of 
some  other  breed  which  yields  milk  that  is  not  so  rich  in  fat. 

The  writer  once  saw  a  thousand-pound  Shorthorn  steer  calf 
which  was  being  fitted  for  show,  put  onto  a  Jersey  nurse  cow  which 
produced  two  pounds  of  butter-fat  per  day.  For  months  the  steer 
was  a  light  eater  and  the  slightest  irregularity  or  change  of  food 
would  throw  him  "off-feed."  After  the  discontinuance  of  the 
services  of  his  butter-producing  foster-mother,  he  throve  exceed- 
ingly. It  is  possible  that  acidosis  is  caused  by  such  an  excess  of  fat 
through  its  combination  and  excretion  with  calcium  in  the  intestines. 

Czerny  and  Steinitz*'  note  that  Keller  in  studying  children 
suffering  with  gastro-intestinal  complaints  found  in  the  urine 
almost  invariably  an  abnormally  high  ammonia  excretion,  amounting 
to  52  percent  of  the  total  nitrogen,  arid  that  Van  der  Bergh  gave 
sodium  bicarbonate  to  infants  suffering  from  digestive  disturbances 
with  the  result  that  the  ammonia  excretion  immediately  decreased 
in  a  very  marked  manner. 

Czerny  and  Steinitz  conclude  that  this  increased  ammonia  excre- 
tion in  the  urine  of  children  suffering  with  digestive  disturbances 
indicates  the  presence  of  acids  and  is  formed  for  the  purpose  of 
their  neutralization  and  not  because  of  defective  urea  synthesis  by 
the  liver. 

Czerny  and  Keller  find  that,  among  the  various  foodstuffs,  fat 
alone  leads  to  an  increased  excretion  of  ammonium  salts  in  the  urine. 

Keller"  finds  that  free  acids  are  not  excreted  in  the  urine 
of  children  suffering  with  gastro-intestinal  disorders  but  that  they 
are  eliminated  in  combination  with  ammonia. 

Steinitz  concluded  that  a  diet  of  milk  which  was  rich  in  fat 
might  exercise  an  unfavorable  influence  upon  the  growth  of  children 
suffering  from  gastro-intestinal  troubles  through  causing  a  loss  of 
alkalis,  which  are  essential  to  normal  development. 

Acidosis  may  also  be  caused  in  infants  by  too  strict  an  adherence 
to  a  cereal  diet.  Steinitz  and  Weigert**^  report  the  composition  of 
the  body  of  ?.  four-months-old  child  which  died  as  a  result  of  an  ex- 
clusively cereal  diet.  The  composition  shows  the  body  to  have  lost 
a  large  part  of  the  sodium,  potassium  and  chlorine  normally  present. 

Czerny  and  Steinitz  say,  *'The  importance  of  relative  acidosis  in 
chronic  disturbances  of  nutrition  in  infants  lies  in  the  loss  of  alkali. 
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For  the  growth  and  health  of  the  child's  organism  the  retention  of 
alkali  is  as  important  as  the  retention  of  nitrogen,  phosphorus,  or 
other  mineral  substances.  If  it  is  withheld,  or  a  loss  takes  place, 
the  condition  of  the  body  can  neither  improve  nor  remain  normal." 

MINERAL  BASES  AND  ACIDS  IN  POODS. 

For  the  sake  of  convenience  in  this  discussion  we  use  the  term 
"ash"  to  signify  a  combustion  residue  in  which  all  of  the  acid-pro- 
ducing mineral  elements  of  the  fresh  substance  are  present.  Un- 
fortunately we  have  not  access  to  any  considerable  number  of  analyses 
of  foodstuffs  which  accurately  indicate  the  amounts  of  the  mineral 
elements  contained,  since  almost  all  of  the  available  determinations 
have  been  made  upon  the  ash,  which  does  not  contain  all  or  nearly 
all  of  the  mineral  matter  of  the  fresh  substatice. 

Sulphur  especially  is  largely  lost  during  ashing,  even  if  this  is 
carefully  done.  Other  elements  may  also  volatilize  in  this  process. 
The  loss  is  much  more  likely  to  decrease  the  total  mineral  acid 
present  than  the  total  mineral  base  and  the  loss  is  greatest  in  those 
products  where  mineral  acids  predominate. 

Hence  in  order  that  the  following  figures  may  not  mislead  it  is 
necessary  to  consider  them  as  but  most  general  indications  of  the 
truth,  except  where  we  know  that  adequate  means  were  used  for  the 
estimation  of  the  total  amounts  of  the  minerals  present  in  the  fresh 
substances. 

The  errors  are  quite  misleading  in  the  case  of  the  cereals  and 
cereal  by-products.  The  excuse  which  we  have  to  ofifer  for  using 
these  analyses  for  a  purpose  which  they  serve  so  imperfectly  is  that 
they  are  the  best  available  at  this  time;  they  do  indicate  some 
general  truths  of  importance  and  their  use  for  this  purpose  should 
serve  to  call  the  attention  of  other  workers  in  the  same  field  to  the 
great  desirability  of  making  accurate  mineral  analyses  of  our  food- 
stuffs. The  amount  of  labor  involved  in  such  work  is  very  consider- 
able but  we  shall  be  able  eventually  to  substitute  more  accurate 
figures  for  these  which  we  have  compiled. 

In  order  to  indicate  what  the  loss  in  acid  mineral  elements  in 
ashing  may  signify,  let  us  examine  the  figures  for  gluten  flour, 
No.  31  in  the  table  on  page  44. 

In  this  foodstuff,  Mr.  A.  C.  Whittier  of  this  laboratory,  found 
8.39  parts  of  ash  per  1000  parts  of  dry  substance,  by  an  approved 
method  involving  the  leaching  of  the  charred  substance.  Sulphur 
was  determined  by  fusion  with  sodium  carbonate  and  sodium 
peroxide  over  an  alcohol  lamp  and  the  amount  of  sulphur  found  was 
10  parts  per  1000;  a  greater  quantity  than  was  found  of  all  the 
mineral  elements  together,  in  the  ash. 
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The  analysis  of  corn,  No.  35,  from  Konig,  is  as  satisfactory  as 
any  we  were  able  to  find  in  literature.  A  comparison  of  these 
figures  with  those  of  A.  C.  Whittier  for  the  same  product,  No.  36, 
gives  further  illustration  of  the  loss  of  minerals  in  ashing. 

Thus  it  is  apparent  that  final  judgment  as  to  the  balance  between 
basic  and  acid  mineral  elements  in  cereals  must  be  withheld  until 
warranted  by  further  analytical  work. 

The  analyses  in  the  table  on  page  44,  followed  by  the  initial  "K'* 
are  from  Konig's  '*Chemie  der  menschlichen  Nahrungs-und  Genuss- 
mittel;"  those  ascribed  to  Katz  are  from  Arch.  ges.  PhysioL,  vol.  3, 
p.  14;  those  followed  by  the  initial  *'W"  are  from  Wolflf>  •^Aschen 
Analysen,"  "A.  &  N."  signifies  Albu  and  Neuberg's  *'Mineralstoff- 
wechsel,"  "M.  &  Von  L.,"  Mentzel  and  Von  Lengerke's  landwirt- 
schaftliche  Kalender  and  those  by  A.  C.  Whittier  are  from  this 
laboratory.  In  these  last,  the  sulphur  determinations  were  made  by 
fusion  of  the  fresh  substance. 

In  this  table  on  page  44,  we  state  the  amounts  of  the  various 
mineral  elements  contained  in  1000  parts  of  dry  substance.  In  the 
third  and  fourth  columns  of  figures  from  the  right,  we  state  the 
total  amount  of  acid  minerals  and  of  basic  minerals  computed  to 
normal  solutions,  that  is,  so  that  one  cubic  centimeter  of  acid  will 
exactly  neutralize  one  cubic  centimeter  of  base.  Phosphoric  acid  is 
considered  to  be  neutralized  when  two  of  its  hydrogen  atoms  are 
replaced  by  a  base. 

In  the  two  columns  on  the  right  side  of  this  table  is  stated  the 
excess  of  acid  or  base,  as  the  case  may  be,  in  cubic  centimeters  of 
normal  solution  in  1000  grams  of  dry  substance.  To  reduce  any  of 
the  figures  to  the  fresh  or  air-dry  basis,  multiply  the  numbers  as 
stated  by  the  dry  substance  expressed  as  percent. 

This  excess  of  acid  or  base  as  stated  in  the  table  is  obtained  by 
subtracting  the  total  amount  of  acid  (phosphoric,  sulphuric  and 
hydrochloric)  from  the  total  amount  of  base,  (sodium,  potassium, 
calcium  and  magnesium.) 

Thus  we  ascertain  the  nature  of  the  active  or  unsatisfied  excess 
of  mineral  matter,  that  is,  whether  it  is  base  or  kcid.  The 
rest  is  like  a  balanced  account,  debits  equaling  credits. 

The  excess,  if  of  alkali,  may  be  considered  to  represent  carbonates 
or  organic  compounds  such  as  upon  oxidation  yield  carbonates  of 
alkalis  (sodium  or  potassium)  or  of  alkaline  earths  (calcium  or  mag- 
nesium); if  of  acid  it  may  be  considered  to  represent  acid-reacting 
elements  such  as  upon  oxidation  yield  free  mineral  acids. 
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In  Spite  of  the  wide  ranfife  of  variation  which  there  is  in  the 
composition  of  the  ash  of  organic  substances,  in  accordance  with 
differences  in  species  or  environment,  a  general  agreement  as  to 
balance  between  acid  and  basic  minerals  in  foodstuffs  of  the  same 
class,  is  apparent. 

From  these  figures  it  would  appear  that  the  ash  of  milk  is 
markedly  alkaline  and  from  this  it  is  probably  safe  to  conclude  that 
the  food  of  animals  should  possess  an  excess  of  mineral  bases  in  the 
ash.  This  assumption  seems  particularly  justifiable  when  we  con- 
sider the  fact  that  on  the  basis  of  Lawes  and  Gilbert's  work, 
mineral  base  predominates  in  the  ash  of  animal  bodies  and  further 
when  we  consider  the  probability  as  shown  by  Soxhlet**  that  the 
calcium  content  of  milk  constitutes  the  limiting  factor  in  the  pro- 
duction of  growth  and  that  the  storage  in  growing  animals  is  more 
largely  of  basic  than  of  acid  mineral  elements. 

Black  albumen.  No.  5  in  the  table,  a  packing-house  by-product, 
is  the  first  separation  of  serum  from  blood-clot  in  the  preparation  of 
the  clear,  dried  serum  used  in  dyeing.  We  use  this  black  albumen 
as  a  low-phosphorus  proteid  in  nutrition  experiments.  It  is  rich  in 
sodium,  magnesium,  sulphur  and  chlorine  and  has  an  acid  ash. 

Beef,  pork  and  chicken  flesh  all  have  acid  ash  and  Sherman  calls 
attention  to  the  fact  that  carnivora  make  good  the  deficiency  of 
mineral  base  in  flesh  by  the  consumption  with  it  of  parts  of  the 
bones.  As  an  only  food,  flesh  undoubtedly  possesses  an  excess  of 
acid  mineral  elements. 

The  white  of  egg  has  a  strongly  alkaline  ash  while  the  ash  of 
eggs  as  a  whole,  without  the  shell,  is  slightly  acid. 

We  should  not  argue,  however,  that  because  mineral  acids 
slightly  predominate  over  mineral  bases  in  eggs,  animal  food  should 
possess  a  like  excess  of  acid,  since  the  tgg  is  not  food  in  the  sense 
in  which  milk  is  food.  The  egg  is  potentially  a  complete  being  in 
itself,  merely  requiring  transformation  into  the  more  highly  special- 
ized tissues  of  the  fully  formed  animal  and  maintenance  during  the 
process.  There  is  neither  the  necessity  nor  the  provision,  as  in 
milk,  of  adaptation  to  the  processes  and  activities  of  the  digrestive 
tract  of  the  animal  to  be  nourished. 

Fruits  and  vegetables  have,  without  exception,  strongly  alkaline 
ash.  Their  natural  acidity  is  due  to  organic  acids  which,  are  oxi- 
dized in  the  body  and  excreted  as  carbon  dioxide  and  water. 

Beets,  cabbage,  rhubarb,  spinach  ard  tomatoes  have  exceedingly 
alkaline  ash,  the  excess  of  alkali  ranging  from  one  cubic  centimeter 
of  normal  solution  in  beets,  to  three  and  seven-tenths  cubic  centi- 
meters per  gram  of  dry  substance  in  tomatoes. 
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Potatoes,  onions  and  asparag^is  are  also  conspicuously  basic  as 
to  ash,  but  in  a  class  decidedly  second  to  beets,  cabbage,  rhubarb, 
spinach  and  tomatoes. 

Fruits  also  are  unmistakably  basic  as  to  ash,  apricots  and 
orang'es  containing:  considerably  more  than  half  a  cubic  centimeter 
of  excess  normal  base  per  gram  of  dry  substance,  while  figs  come  a 
little  under  this  mark  and  apples,  plums  and  raisins  are  in  a  second 
class  as  regards  alkalinity  of  the  ash. 

Of  the  cereals,  wheat  appears  to  be  slightly  acid,  as  are'  also 
white  bread  and  graham  bread,  gluten  flour,  corn,  pearl  hominy  and 
oat  meal.  Further  work  will  doubtless  show  that  the  measure  of 
acidity  in  most  of  these  cases  is  low.  Oats  here  appear  to  have  an 
alkaline  ash,  doubtless  due  to  loss  of  acid  minerals;  corn  bran  has  a 
slightly  alkaline  ash  and  wheat  bran  is,  on  the  basis  of  the  evidence 
at  hand,  doubtful  as  to  reaction  of  the  ash.  The  cereals  are  usually 
considered  to  have  an  acid  ash  and  as  is  well  known,  do  not  support 
normal  growth  of  bone. 

Magnus-Levy*  says:  "A  part  of  the  vegetable  foods  of  man,  the 
cereals,  yield  (just  as  does  flesh)  an  acid  ash,  whereas  the  grasses 
and  herbs  of  berbivora  yield  an  alkaline  ash.  Cereals  are  equiva- 
lent to  animal   food  in  respect  to  the  metabolism  of  the  ash." 

In  corn  there  is  a  decided  excess  of  acid  minerals  over  basic 
minerals  and  the  total  ash  of  corn  is  also  low.  Both  of  these  factors 
may  contribute  to  the  production  of  acidosis  by  corn,  as  also  may 
the  disproportionate  excess  of  magnesium  in  comparison  with  the 
small  amount  of  calcium  present.  As  in  com,  so  in  bran,  the  mag- 
nesium content  is  greatly  in  excess  of  the  calcium,  while,  for  struct- 
ural purposes  and  for  milk  production,  very  much  more  calcium 
than  magnesium  is  needed. 

In  spite  of  the  richness  of  bran  in  mineral  matter  the  existence 
of  "bran  disease"  or  **miller's  horse  rickets"  indicates  that  its 
mineral  nutrients  are  in  a  some  way  out  of  balance. 

Mendel  and  Benedict*'  find  that  the  injection  into  an  animal 
of  either  calcium  or  magnesium  salts,  leads  to  an  increased  excretion 
of  the  other,  (calcium  if  magnesium  has  been  injected  or  the 
reverse),  by  the  kidneys. 

J.  Malcom**  comes  to  the  conclusion  that  the  ingestion  of 
soluble  magnesium  salts  causes  a  loss  of  calcium  in  adult  animals 
and  hinders  its  deposition  in  young,  growing  animals,  but  that  sol- 
uble calcium  salts  do  not  in  the  same  way  affect  the  excretion  of 
magnesium. 
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Beans,  soja  beans,  linseed  oilmeal  and  cottonseed  meal  are  all 
hififh-proteid  foods  and  their  sulphur  contents  should  be  correspond- 
ingly high.  The  evidence  hardly  warrants  drawing  conclusions  as 
to  the  balance  of  minerals  in  the  ash  of  these  foods. 

The  various  hays  and  straws  appear  to  have  strongly  alkaline 
ashes.  Clover  and  alfalfa,  however,  largely  because  of  very  high 
lime  contents,  have  much  more  alkaline  ashes  than  hatre  the  grass 
plants. 

While  it  is  universally  recognized  that  clover  or  alfalfa,  with 
corn,  constitutes  a  ration,  for  farm  animals,  which  cannot  be  greatly 
improved,  especially  for  the  production  of  increase  in  weight,  still  it 
is  not  so  generally  understood  that  the  high  content  of  these  legumes 
in  mineral  bases  generally  and  calcium  in  particular,  constitutes  an 
important  factor  in  the  superiority  of  these  feeds  as  supplements  to 
corn.  This,  however,  is  undoubtedly  true  since  these  legumes  are 
characteristicsdly  rich  in  those  mineral  nutrients  which  are  lacking 
in  corn. 

A  comparison  of  some  of  the  at)Ove  figures  with  recent  work  by 
Sherman  and  Sinclair^*  indicates  that  the  estimates  of  the  acid 
mineral  elements  of  wheat,  oatmeal  and  milk  are  probably  decidedly 
low,  though  in  each  case  the  balance  would  remain  on  the  same  side 
of  the  account  as  indicated  by  the  figures  which  we  quote. 

This  balance  between  acid  and  base  in  foodstuffs  may  be  modi- 
fied, before  these  nutrients  reach  the  tissues,  by  certain  influences  in 
the  alimentary  tract.  Thus  according  to  Albu  and  Neuberg** 
the  amount  of  calcium  absorbed  from  the  intestine  is  influenced  by 
the  other  salts  present,  sodium  chloride  increasing  its  resorption 
and  alkalis  diminishing  it.  The  formation  of  difficultly  digestible 
calcium  soaps  in  the  intestine  may  also  alter  the  balance  between  the 
acids  and  bases  resorbed.  Further,  variations  in  the  solubility  and 
resorbability  of  the  salts  in  the  various  articles  of  the  dietary  tend  to 
render  definite  conclusions  difficult;  and  calcium  from  vegetable 
foods  is  much  less  completely  absorbed  than  the  caldum  from  flesh. 

It  is  also  impossible  closely  to  estimate  the  proportion  of  the 
mineral  bases  that  will  leave  the  body  in  combination  with  organic 
acids  in  the  urine.  To  be  entirely  accurate  it  would  also  be  neces- 
sary that  we  leave  out  of  consideration  such  portions  of  the  organic 
sulphur  and  phosphorus  of  the  food  as  leave  the  body  in  organic 
combination;  also  that  we  consider  in  a  more  definite  way  than  is  now 
practicable,  such  organic  acids  as  leave  the  body  in  combination  with 
mineral  bases,  and  further  that  we  consider  the  fact  that  some  phos- 
phorus leaves  the  t)ody  as  acid  phosphates,  that  is,  without  carrying 
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with  it  enongrh  inorganic  base  to  render  it  neutral.  There  is,  how- 
ever, a  compensating:  factor,  since  some  phosphorus  leaves  the  body 
carrying  more  than  enough  mineral  base  to  render  it  neutral. 

Is  it  a  matter  of  importance  whether  this  balance  be  maintained 
at  a  high  or  a  low  level?  The  excess  of  either  acid  or  base  might  be 
the  same  in  a  food  very  poor  in  both  as  it  is  in  one  very  rich  in  both. 

In  answering  this  question  we  must  bear  in  mind  the  fact  that 
excess  of  acid  or  base  is  but  one  of  the  many  factors  affecting  the 
usefulness  of  the  mineral  elements  as  animal  nutrients.  All  of  those 
minerals  which  are  of  use  in  the  body  as  neutral  inorganic  salts, 
might  be  withdrawn  from  a  ration  without  altering  in  the  slightest 
degree  the  excess  of  either  acid  or  base.  The  great  majority  of  the 
functions  of  the  mineral  elements  in  the  body  are  served  in  accord- 
ance with  the  amounts  and  kinds  of  minerals  present,  and  quite 
irrespective  of  any  excess  of  bases  or  of  acids,  unless  such  excess 
interferes  with  normal  processes.  (See  note.)  Thus  it  appears 
that  it  is  a  matter  of  great  importance  that  the  balance  be  main- 
tained at   a  high  level  rather  than  at  a  low  one. 

SUMMARY. 

The  organic  aci4s  of  foodstuffs,  such  acids,  for  instance,  as  the 
citric,  malic  and  .tartaric  acids  of  fruits,  are  mostly  oxidized  in  the 
animal  body  to  carbon  dioxide  and  water,  in  which  compounds  they 
are  excreted;  but  there  are  formed  within  the  body,  mineral  acids 
which  cannot  be  decomposed  and  eliminated  in  this  wray.  These 
acids  must  be  neutralized  in  order  to  protect  the  animal  from  a  dis- 
turbance of  conditions  essential  to  the  continuance  of  vital  reactions. 

These  acids  are  formed  chiefly  by  the  cleavage  and  oxidation  of 
the  proteids,  either  of  the  body  or  of  the  food,  the  sulphur  and  phos- 
phorus contained  therein,  as  constituent  parts,  being  oxidized  to  the 
corresponding  inorganic  acids. 

These  acids  are  neutralized, 

(1)  by  carbonates  of  the  food,  water  or  tissues; 

(2)  by  alkalis  liberated  by  the  oxidation  of  organic-acid  salts; 

(3)  by  ammonia  withdrawn  from  the  constructive  formation  of  urea; 

(4)  by  ammonia  from  the  tissues; 

(5)  by  ammonia  split  off  from  proteids,  especially  for  acid-neutralization. 

Both  acid  and  ba$e  are  also  liberated  in  slight  amounts  by  the 
decomposition  of  sodium  chloride  in  the  formation  of  gastric  juice. 

—1  ?^'!^  For  Information  relative  to  the  amounte  of  the  varioaft  mineral  elemento  required  by 
uumaU  tbe  reader  is  referred  to  KeUner's  ••Emahmnfir  dcr  landwirtachaftUchen  NutxUere."  to  Vcn 
noorden**  "Bdetabolism  and  Practical  Bfedidne''  and  to  BuL  201  of  this  Station. 
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The  continued  neutralization  of  excessive  amounts  of  acids  by 
fiome  of  these  means,  especially  by  use  of  the  carbonates  of  the 
bones,  may  mould  the  whole  style  of  development  of  a  growing" 
animal;  may  cause  serious  states  of  malnutrition  and  may  act  as 
contributory  causes  of  a  number  of  diseases  of  both  Man  and  other 
animals. 

In  case  the  acids  formed  within  the  body  or  introduced  into  it 
exceed  the  animal's  capacities  to  neutralize  them,  death  may  ensue 
with  symptoms  of  asphyxia,  or  suffocation,  due  to  disturbance  of 
the  equilibrium  of  salts  of  the  blood  plasma,  upon  which  depends  the 
capacity  of  the  blood  to  carry  carbon  dioxide  from  the  tissues  to  the 
lungs. 

The  practical  bearing  of  the  subject  is  on  the  feeding  of  such 
animals  as  are  reared  most  largely  on  cereals,  namely,  swine  and 
poultry;  especially  on  the  growth  of  the  bones  of  animals;  on  acidosis 
in  infants;  and  on  the  care  of  sufferers  from  *rickets,  osteomalacia, 
osteoporosis,  bran  disease  and  diabetes. 

In  this  connection  we  consider  especially  the  acid  mineral  ele- 
ments, sulphur,  phosphorus  and  chlorine  ,and  the  basic  mineral 
elements,  sodium,  potassium,  magfnesium  and  calcium. 

The  relative  amounts  of  mineral  acids  and  bases  formed  in  the 
body  may  be  greatly  modified  by  a  choice  of  foodstuffs. 

Fruits,  vegetables,  roughage  and  milk  have  alkaline  ash;  meat» 
^SS^y  cereals  and  many  cereal  foods  and  by-products  have  acid  ash. 

Corn  has  an  acid  ash  and  is  also  particularly  deficient,  as  a  food, 
in  calcium  and  also  in  total  mineral  content. 

In  straight  corn-feeding  we  see  the  resultant  of  a  complication  of 
deficiencies;  corn  lacks  protein  as  well  as  minerals.  In  the  ash,  both 
acids  and  bases  are  deficient  but  the,bases  considerably  more  so  than 
the  acids,  so  that  as  an  only  food,  corn  is  characterized  by  an  excess  of 
acid  mineral  elements  and  this  excess,  together  with  the  deficiency 
in  the  total  amount  of  mineral  matter  present,  limits  the  growth  of 
the  skeleton;  but  if  the  protein  in  the  ration  of  the  corn-fed  animal 
is  increased  by  the  use  of  supplements,  to  such  extent  as  will  sup- 
port maximum  production  of  proteid  increase,  then  both  phosphorus 
and  the  mineral  bases  must  be  increased. 

The  basic  mineral  elements  in  a  ration  must  be  present  in  quan- 
tities corresponding  to  the  protein,  since  the  sulphur  and  phos- 
phorus of  the  food  proteins  constitute  the  principal  sources  of 
mineral  acids  in  the  body. 

It  is  important  not  only  that  there  be  a  considerable  excess  of 
mineral  bases  in  the  food  but  also  that  this  excess  be  maintained  at 
a  high  level,  that  is,  that  aside  from  the  balance  between  acid  and  base, 
the  total  quantity  of  ash  should  be  considerable. 
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The  capacity  of  the  animal  body  to  neutralize  and  eliminate 
alkali  seems  to  be  entirely  adequate.  In  practice  animals  do  not  ex- 
perience injurious  excess  of  alkali  as  they  do  excess  of  acid. 

Consumption  of  a  needless  amount  of  protein  unnecessarily 
taxes  the  acid-neutralizing-  capacity  of  the  animal  and  if  carried  to  a 
sufficient  extreme,  results  either  in  discouragement  of  the  formation 
of  bone  or  in  malnutrition  of  the  bones. 

A  high  fat-content,  or  indigestible  character  of  the  fat  of  milk 
fed  to  infants  suffering  from  digestive  disturbances,  causes  acid  in- 
toxication by  withdrawal  of  alkalis,  by  way  of  the  feces,  in  the  con- 
dition of  difficultly  soluble  calcium  soaps. 

Because  of  the  alkaline  ash  of  the  milk  of  all  animals,  it  is  as- 
sumed that  other  food  of  animals  should  have  an  alkaline  ash. 

Any  such  circumstances,  as  drought,  or  poverty  of  the  soil 
in  calcium  and  phosphorus,  as  tend  to  diminish  the  content  of  the 
forage  in  these  elements,  at  the  same  time  limits  the  growth  of  the 
bones  and  favors  the  development  of  diseased  conditions  in  the 
animals  consuming  them. 

No  animals  which  consume  fruits,- vegetables,  milk  or  roughage 
in  sufficient  proportion  to  other  food  are  likely  to  suffer  from  an 
excess  of  mineral  acids  in  the  body.  Animals  fed  too  little  else  than 
meat,  eggs,  and  cereal  foods,  including  bread,  are  more  likely  than 
others  to  suffer  from  an  excess  of  inorganic  acids  or  a  deficiency  of 
inorganic  bases. 

Growing  animals,  when  fed  for  protracted  periods  on  either 
cereals  or  meat  alone,  suffer  from  malnutrition  of  the  bones,  this 
ailment  being*  caused  by  the  deficiency  of  these  foods  in  mineral 
bases. 

Swine,  because  of  their  very  rapid  growth,  have  especial  need 
for  calcium  in  the  food,  as  is  indicated  by  the  unusual  richness  of 
sow^s  milk  in  calcium.  Corn  contains  less  calcium  than  other  com- 
mon grain  foods  and  on  that  account  is  less  perfectly  adapted  to 
serve  as  an  only  food  for  swine. 

Clover  and  alfalfa  are  especially  rich  in  calcium  and  hence  serve 
to  make  good  the  deficiency  of  corn  in  this  element. 
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PROTECTION  OF  FRUIT  TREES  FROM  RODENTS 


Br  P.   H.    BALLOU 


PREFACE 

CCORDING  to  the  Official  Report  of  the  Ohio 
Department  of  Agfriculture  for  1907,  there  are,  in 
the  state,  266,340  acres  of  tree  fruits  including:  all 
classes.  Of  those  classes  more  subject  to  tree 
injury  by  rodents,  viz.,  apple,  pear  and  plum, 
there  are  247,700  acres.  Of  apples  alone  there  are 
243,716  acres.  This  great  acreage  includes  not 
only  the  extensive  commercial  plantations,  but  the  thousands  of 
small,  home  orchards,  scattered  in  every  part  of  the  state. 

There  are  no  data  available  which  would  render  possible  any- 
where near  a  correct  estimate  of  the  loss  of  and  injury  to  trees, 
young  and  old,  through  the  work  of  rodents  (mice,  rabbits  and 
woodchucks)  in  Ohio.  While  the  loss  is  confined  principally  to 
newly  set  orchards,  replants  in  older  orchards  and  the  younger 
plantations  generally,  this  loss,  in  the  aggregate,  is  considerable. 
It  certainly  would  not  be  far  beyond  the  bornds  of  conservatism  to 
figure  the  loss  and  injury  at  one  dollar  per  acre  per  year  including 
all  ages  and  conditions  of  the  apple,  pear  and  plum  orchards  of  the 
state.  The  rate  of  loss  would  be  less  than  this  in  the  larger  com- 
mercial plantations,  even  where  the  grass-mulch  method  of  culture 
is  practiced;  for  the  commercial  planter  generally  takes  into  con- 
sideration the  various  sources  of  danger  and  makes  provision  to 
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result  from  the  use  of  rations  of  equal  efficiency,  pound  for  pound, 
in  producing"  gains  in  live  weight,  do  vary  g^reatly  on  account  of 
widely  varying  market  prices  of  the  feeds  which  constitute  the 
rations.  It  is,  then,  obviously  impossible  to 'suggest  a  ration  that 
will  prove  most  profitable  under  all  conditions.  Results  ot  feedings 
tests  will  show  the  efficiency  of  rations,  but  feeders  will  need  to 
apply  local  market  conditions  to  these  results  in  order  to  select  the 
ration  that  will  give  best  financial  returns. 

In  studying  the  efficiency  of  various  rations  care  should  be 
taken  to  compare  only  the  results  of  experiments  that  were 
conducted  simultaneously,  as  factors  other  than  feed  may  cause 
wide  differences  in  results  secured  from  experiments  that  were 
conducted  under  conditions  that  were  not  identical  in  all  respects 
except  the  rations  used. 

In  all  of  these  experiments,  young",  Rowing*  swine  were  used. 
It  is  entirely  probable  that  the  results  obtained  will  not  prove 
strictly  applicable  to  the  fattening-  of  mature,  thin  swine.  However, 
relatively  few  mature  hogs  are  fattened  nowadays,  and  the  results 
secured  will  apply  to  most  of  the  swine  feeding  operations  as  now 
carried  on. 

Corn  was  ground  before  being-  fed,  except  in  the  experiments 
with  hogs  in  cattle  feed-lots,  when  shelled  corn  was  tised.  Ground 
feeds  were  mixed  together  and  fed  with  sufficient  water  to  form  a 
thick  slop.  Daily  rations  were  supplied  in  two  equal  portions.  A 
mixture  of  salt  and  ashes  was  regularly  kept  before  the  s^ine 
during  all  experiments.  All  proportions  indicated  in  the  description 
of  rations  refer  to  the  parts,  by  weig-ht,  of  the  different  feeds  used 
in  the  rations. 

GRAIN  RATIONS  FOR  FEEDING  IN  DRY  LOTS. 

Table  I  shows  the  results  of  an  experiment  covering  66  days 
in  which  four  different  supplements  for  corn  were  used,  viz:  soy- 
bean meal,  wheat  middlings,  digester  tankage  and  skim  milk. 
While  much  more  work  will  need  to  be  done  before  definite  figures 
representing  the  relative  values  of  these  feeds  for  supplementing^ 
corn  may  be  secured,  yet  the  table  sets  forth  a  number  of  facts 
that  are  useful  in  deciding  what  feeds  to  use  in  connection  with 
corn,  which  will  doubtless  continue  to  be  the  chief  grain  used  for 
fattening  swine  in  dry  lots. 

Of  the  feeds  used  in  connection  with  corn,  skim  milk 
gave  the  highest  daily  gain  per  pig.  Wherever  skim  milk  is  avail- 
able for  pig  feeding,  it  seems  very  improbable  that  any  other  feed 
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win  sapplement  com  more  completely,  or  that  any  ration  will  pro* 
dace  any  more  rapid  and  economical  grains  than  will  com  and  skim 
milk.  The  chief  difficulty  with  this  ration  is  the  fact  that  skim 
milk  is  not  available  for  extensive  use  in  the  ^eater  hog-producing 
sections.  Nevertheless,  wherever  it  is  available,  skim  milk  and 
com  will  doubtless  prove  as  efficient  a  ration  as  can  be  used  for 
fattening  swine.  The  rate  of  gain  for  the  lot  fed  com  and  skim 
milk  was  high — over  two  pounds  daily  per  pig. 


TABIA  I: 
$  RocB  in  Bach  Lot 

GRAIN  RATIONS  FOR  PBBDINQ  IN  DRY  LOTa 
Experiment  I,  lasting  66  Days.    Pebruanr  19  to  April  19,  1907. 

Katkn 

Initial 
weight 

Final 
weiffht 

Gain 

Ayeraffe 

dailj 
gain   per 

Total 

feed   coo- 

siinied 

Arerage 
dailj  feed 
oonanmed 

per  pig 

Peed 

oooBumed 

per  100  lbs. 

gain 

Cora  meal 

JAM.' 

Lbs. 
743 

Lba. 
209* 

Lrbe. 
.571 

Lba. 
1291 

Lba. 
3.63 

Lba. 
617.7 

Coniiaeal,4;.. 
Sojbeanmeal.l 

538 

958 

426 

1.075 

1823 

4.60 

427.9 

Com  meal,!;.. 
HiddliafB,!.. 

0B3.5 

1078.5 

496 

1.200 

2087 

5.27 

421.6 

Com  meal,  (fc... 
Taakag..!,... 

006.5 

1196 

638.5 

1.612 

2300 

5.80 

860.2 

Cora  meal.  1;.. 
81dm  milk,  2.77 

028.5 

IIM 

681^ 

2.023 

1963  com 
5606  a.m. 

5.86 
16.28 

280.9 
804.8 

*  One  bog  taken  out  March  20. 
**Oiietaog  taken  ont  February  2L 

Digester  tankage,  a  packing  house  by-product,  ranked  next 
to  skim  milk  for  efficiency  in  producing  rapid  and,  from  the  stand- 
point of  feed  consumed  for  a  pound  of  gain  produced,  economical 
gains.  The  amount  of  feed  required  to  produce  one  hundred 
pounds  of  gain  was  comparatively  small — 360.2  pounds.  The  large 
amountof  com  consumed  daily*  per  pig  by  the  com  and  tankage 
and  the  corn  and  skim  milk  lots  is  worthy  of  note.  When  either 
of  these  feeds  was  used,  a  much  larger  amount  of  com  was  con- 
sumed daily  than  when  a  ration  of  com  alone,  com  and  middlings 
or  com  and  soybean  meal  was  fed. 

The  lot  which  received  corn  and  middlings,  equal  parts  of  each 
by  weight,  made  fair  gains  and  at  a  not  exceedingly  heavy  expendi- 
ture of  feed.  The  amount  of  feed  consumed  was  much  lower  than 
for  the  com  and  skim  milk  lot  or  the  corn  and  tankage  lot,  and  the 
amount  of  feed  required  for  a  given  gain  was  relatively  large.  The 
relatively  low  consumption  of  com  is  especially  striking. 
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The  lot  which  received  a  ration  of  corn,  4  parts;  soybean  meal, 
1  part,  failed  to  consume  a  sufficient  amount  of  feed  to 
produce  very  rapid  gains.  The  low  consumption  of  feed  was  due 
to  the  fact  that  the  pigs  did  not  relish  the  soybean  meal  and  com 
meal  mixture.  No  pig  in  this  lot  gained  more  than  1.4  pounds  daily. 
In  later  experiments  at  this  Station  corn  and  soybeans  gave 
excellent  results.     (See  page  76.) 

When  the  results  that  were  yielded  by  the  lot  fed  corn  alone 
are  considered,  it  is  not  difficult  to  understand  why  many  farmers 
find  that  hog  feeding  is  not  so  profitable  as  it  should  be.  The 
amount  of  feed  consumed  by  this  lot  was  small,  the  rate  of  gain 
was  very  low,  and  the  amount  of  feed  required  to  produce  one 
pound  of  gain  was  very  high  as  compared  with  any  of  the  other 
four  lots. 

TABLE  II:    AMOUNT*  OP  PORK  PRODUCED  BY  ONE  BUSHElr 
OP  CORN  OR  ITS  EQUIVALENT.     EXPERIMENT  I. 


Ration 

Com 
meal 

Corameal,  1; 
Middlhiff8,l 

Cora  meal,  4; 
Soybean  meal,  1 

Corameal,  6; 
Tankage,  1 

Corameal.  1; 
Skim  milk,  2.77 

Pork  produced  by  100 
pounds  of  feed,  lbs. 

16.19 

23.71 

23.36 

27.76 

9.13 

Cort of  100 pounds  feed.... 

$1.00 

$1,126 

$1.10 

$1.14 

$  .37 

▲mount  of  feed  pnrcbaae- 
ablc  for66  cts.,  (the  yalue 
of  a  bushel  of  com.)  lbs.. 

56.0 

49.7 

50.9 

49.0 

149.2 

Pounds   of  pork  produced 
from  feed  equal  in  cost 
to  one  bushel  of  com 

9.0 

11.8 

U.9 

13.6 

13.6 

*Com,  66  cents  per  bushel;  middlings,  $25.00  per  ton;  tanicage,  $40.00  per  ton;  skim  milk,  $34)0 
per  ton. 

**See  page  76  for  result  of  second  test  of  soybean  meaL 

It  will  be  noted  that  a  bushel  of  corn,  as  fed  to  Lot  1,  produced 
only  9  pounds  of  grain.  Had  a  portion  of  this  corn  been  sold 
at  56  cents  per  bushel  and  the  proceeds  used  to  purchase  supple- 
mental feeds  at  the  following  prices:  middling's,  $25  per  ton;  soy- 
beans, $30  per  ton;  tankag-e,  $40  per  ton;  skim  milk,  $3  per  ton,  the 
amount  of  gain  produced  from  one  bushel  of  corn  or  its  equivalent 
would  have  been  11.8,  11.9,  13.6  and  13.6  pounds  respectively,  as  is 
shown  in  Table  II.  In  other  words,  a  given  amount  of  money 
invested  in  corn  and  tankage  or  in  corn  and  skim  milk  would  have 
produced  one  half  more  gains  than  if  invested  in  corn  alone;  and  a 
much  shorter  time  would  have  been  required  for  this  increased 
production.    At  the  prices  named,  digester  tankage  and  skim  milk 
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would  be  equally  efficient  so  far  as  amount  of  pork  produced  from 
a  bushel  of  com  is  concerned,  but  the  rate  of  production  was 
higher  with  com  and  skim  milk  than  with  com  and  tankag'e. 
Market  prices  vary  ^eatly  from  time  to  time,  and  the  above  com* 
parison  is  accurate  only  for  the  prices  named. 

TABLE  m:    COST  PBR  100  POUNDS  PORK  PRODUCBD.    BZPBRIMBNT  I. 


*See  befam  for  the  results  cf  a  second  test  of  8q7bean  meal 

Table  III  shows  the  cost  of  one  hundred  pounds  'of  pork  as 
produced  in  this  test,  with  various  prices  for  com.  The  price  of 
feeds  other  than  com  would,  of  course,  also  have  an  important 
bearing  on  the  cost  of  pork.  The  table  is  not  presented  with  the 
thought  that  it  will  apply  strictly  to  every  case,  but,  rather,  to  show 
the  great  importance  of  considering  cost  of  feeds  as  well  as 
efficiency. 

SOYBEANS  COBAPARED  WITH   TANKAGE  FOR  SUPPLBBAENTINQ 
CORN    IN    DRY    LOT    FEEDING. 

In  two  tests  to  compare  soybeans  and  tankage  as  supplements 
for  com  in  dry  lot  feeding,  the  results  shown  in  Table  IV  were 
secured.  The  advantage  of  both  the  corn  and  soybean  and  the 
com  and  tankage  rations  over  the  ration  of  com  alone  is  very  evi- 
dent. It  will  be  observed  that  soybeans  made  a  much  better  show- 
ing in  these  tests  than  in  a  former  one.  No  reason  was  apparent 
for  the  marked  dislike  which  the  pigs  that  received  soybeans  in  the 
previous  test  showed  for  the  com  and  soybean  mixture.  While  the 
experiments  conducted  at  this  Station  indicate  that  pigs  are  not  so 
fond  of  soybeans  as  of  some  other  feeds,  notably  skim  milk  and 
tankage,  yet  the  results  of  these  two  tests  show  an  especially  high 
value  for  soybeans  as  a  supplement  for  corn. 
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TABLB  IV:    QRAIN  RATIONS  FOR  PBBDINQ  IN  DRY  LOTS. 
S  Hoffil*iD  Bach  Lot.— Bxperiment  II  laatinff  84  Days.    November  24,  *08  to  February  15,  '09. 


Ration 

Initial 
weight 

Pinal 
weight 

Gain 

Averasre 

daily  gain 

per  pig 

Feed 
oonsomed 

Arerage 
daUj  feed 
oonsamed 

per  pig 

Feed 

ooosnmed 

per  100  lbs. 

gain 

Commeal 

Lbs. 
663.6 

Lbs. 
1074.6 

Lbs. 
421 

Lbs. 
1.002 

Lbe. 
2336.6 

Lbs, 
6.56 

Lbs. 
6M.9 

Commeal,  8;.... 
Tankaire.  1 

667 

1363.6 

706.6. 

1.682 

27845 

6.62 

3M.1 

Commeal   4; 

Sc^bean  meal,  1. 

620.6 

1063.6 

643 

1.616 

2163.6 

6.14 

386.4 

6  liogs  in  each  lot— Experiment  III,  lasting  56  days. 

December  22.  '06  to  Febraary  15,  *0e 

Cornmeal,  8;.... 
Tankage,  1 

813 

1333 

490 

1.468 

2146 

638 

437.7 

Commeal,  4;.... 
Sc^bean  meal,  1 

846 

1331 

486 

1.443 

2103 

6.26 

433.6 

*Only  four  hogs  in  lot  fed  com  and  soybeans. 

The  corn,  soybeans  and  tankag'e  as  used  in  this  experiment 
were  sampled  and  analyzed  under  the  direction  of  Mr.  J.  W.  Ames, 
Chemist  of  this  Station,  with  the  results  as  shown  in  Table  V, 

TABLB  V:  PBRCBNTAQB  COMPOSITION  OP  PBBDS. 


Water 

▲sh 

Protein 

Fiber 

Nitrogen- 
free 
Bztract 

Bther 
Extract 

Com 

15.50 

1.21 

8.90 

1.99 

'     68.74 

3  66 

Soybeans 

11.84 

4.86 

38.62 

1.91 

26.56 

17.21 

7.81 

14.06 

60.24 

3.60 

2.73 

12.57 

Table  VI  shows  the  average  amount  of  the  different  food  con- 
stituents consumed  daily  per  pig*  throughout  the  experiment.  It 
will  be  noted  that  the  ration  of  corn  alone  contained  a  very  small 
amount  of  ash  and  of  protein  as  compared  with  the  rations  that 
contain  either  soybean  meal  or  tankage  in  connection  with  corn. 

Feeds  for  use  in  connection  with  corn  should  be  relatively 
higher  in  protein  and  ash  than  is  corn,  so  as  to  make  up  the  marked 
deficiency  of  corn  in  these  materials  and  thus  provide  for  the 
iSfrowth  of  bone  and  muscle  as  well  as  for  the  formation  of  fat.. 
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TABLE  VI:    FOOD  CONSTITUB1IT8  IN  CONCBNTRATB8 
CONSUIfBD  DAILY  PBR  HOG. 


Ratkn 


▲ah 


Pxotein 


Flber 


Mitrogen- 

free 
Extract 


Etber 
Extract 


Szperiment  II 


CofBSieal 

Lbe. 
.067 

Lta. 
.406 

Lbs. 
.110 

Lbs. 
8.824 

Lbe. 
.203 

CornnKca]    8> 

.071 
.103 

.S24 
.436 

.117 
.026 

4.061 
0.200 

.216 

TankT^g^    1          

.002 

Total 

.174 

.960 

.143 

4.071 

.306 

Corameal,  4i  ■ ' 

.082 
.062 

.456 
.487 

.103 
.024 

3.640 
.830 

.188 

Si^bean  meal,  1 

.222 

Total : 

.124 

.066 

.127 

3.870 

.410 

Experiment  in. 


Gocnmeal,  8; 

Tankage,! 

.068 
.100 

.605 
.420 

.113 
.026 

3.900 
.019 

.207 
.060 

Total                  

.168 

.825 

.138 

8.918 

.296 

Coramesil    4t 

.060 
.061 

.446 
.483 

.069 
.024 

3.441 
.319 

.183 

Soyheasi  meal,  1 

-.215 

Total    

.121 

.928 

.123 

3.760 

.386 

Table  .VII  shows  the  warm  dressed  weights  of  the  various  lots. 
This  information  was  kindly  furnished  by  Messrs.  Swift  and  Com- 
pany who  slaughtered  the  various  lots  at  their  Chicago  house  Feb- 
ruary 25.  The  home  weights  were  taken  February  22,  some  days 
after  the  close  of  the  experiment,  but  while  the  hogs  were  receiving 
the  same  rations  as  were  fed  during  the  experiment.  There  iy 
need  for  more  evidence  concerning  the  dressed  percentages  of  swine 
fed  on  these  rations  before  any  definite  conclusions  on  this  point 
will  be  justified.  The  lighter  dressed  percentages  of  the  two  lots 
fed  for  56  days  is  largely,  if  not  wholly,  explained  by  the  lighter 
average  live  weight  of  these  lots. 


Digitized  by 


Google 


78 


OHIO  BZPBRIMBNT  STATION:  BXTLLBTm  209 


TABLBVII:    DRB8SBD  PBRCBNTAQB8. 
f  boo  in  eMh  lot.— Bzperim«nt  U  luting  84  days.    November  24,  *08  to  Pebmanr  15,  *0t. 

Ration 

Weight  at 

Wooster 

Februarys 

Warm  dressed 

weight  at 
Chicago,  Feb.  25 

Dressed 

Commeal 

Lbs. 

im.5 

Lbs. 
803 

80.06 

COmmfmlr  fll. X  a  ....  a 

1421 

116B 

Tankage.  1 

82.19 

Commealf  4*. .................. 

1109 

8B6 

Soybean  meaU  1 

80.79 

6  hogs  in  each  lot—Experiment  III  lasthig  66  days.    December  22,  *08  to  February  15,  *00. 


Commeal,  8... 
Tankage,  1. . . 


Commeal,  4 

Soybean  meal«  1. 


1419.5 


1417.5 


1126 


1090 


79.82 


77.68 


*Only  four  hogs  in  lot  fed  commeal  and  soybean  meat 

Table  VIII,  based  on  the  results  that  were  secured  from  the 
lots  that  were  fed  84  days,  shows  the  cost  of  one  hundred  pounds  of 
pork  under  market  prices  for  com  ranging  from  28  to  84  cents  per 
bushel,  with  soybeans  at  $30  per  ton  and  tankage    at    $40    per    ton. 

TABLE  VIII.    COST  PAR  100  POUNDS  GAIN. 
BzDeriment  II  lasting  84  days,  November  24,  '08  to  February  15,  *09. 


Price  of  com 
per  bushel 

Com  alone 

Commeal,  8; 

Tankage,  1 

(tankage  &  $40  per  ton) 

CommeaL4; 

Soybean  meal.  1 

(soybeans  9  $30  per  ton) 

$.28 

2.77 

$2.63 

$2.79 

.86 

3.07 

8.19 

.48 

4.16 

8.60 

8.09 

.49 

4.86 

8.94 

8.98 

.06 

5.00 

4.38 

4.88 

.63 

6.24 

4.82 

4.7S 

.70 

6.94 

5.26 

0.18 

.77 

7.63 

5.69 

0.08 

.84 

8.32 

6.13 

0.98 

Soybeans  are  not  usually  available  for  use  at  $30  per  ton,  but  their 
cost  of  production  would  indicate  that  they  may  possibly  soon  be 
available  at  about  this  price.  It  will  be  noted  that  the  financial  ad- 
vantage is  not  always  with  the  same  lot.  With  very  cheap  corn,  it 
alone  may  be  more  profitable  to  use  than  the  other  rations.      Using 
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the  results  secured  from  the.  three  lots  that  were  fed  the  rations 
indicated  for  84  days  as  the  basis  of  calculations,  the  com  and  soy- 
bean ration  would  have  produced  the  most  costly  gains  with  corn 
at  28  cents  per  bushel,  and  the  cheapest  grains  with  com  at  only 
sliirhtly  above  56  cents  per  bushel.  This  table  emphasizes  a^in  the 
importance  of  a  knowledge  concerning  both  efficiency  and  cost  of 
rations;  without  such  knowledge  feeders  cannot  hope  to  secure  best 
results  from  their  feeding  operations. 

Although  present  prices  for  soybeans  that  are  fit  for  seed 
prohibit  their  profitable  use  for  feeding  purposes,  yet,  with  its  high 
feeding  value,  effect  as  a  soil  improver,  and  an  average  yield  under 
Ohio  conditions  of  about  18  bushels  (1080  pounds)  per  acre,  it  seems 
entirely  probable  that  the  soybean  crop  may  come  to  be  grown  very 
extensively  in  Ohio  for  feed  purposes.  Besides  the  matter  of 
feeding  value,  the  effect  of  the  soybean  plant  as  a  soil  improver  is 
worthy  of  careful  consideration.  For  information  relative  to 
general  characteristics,  culture,  etc.,  of  the  soybean,  the  reader  is 
referred  to  Circular  78  of  this  Station. 

Farm  grown  feeds  have  been  found  to  be  very  efficient  supple^ 
ments  for  com,  but  it  is  often  better  business  practice  to  sell 
a  part  of  the  farm  products  and  buy  commercial  feeds,  rather  than 
to  feed  a  ration  all  of  which  has  been  grown  on  the  farm.  The 
example  of  soybeans  is  a  case  of  this  kind.  At  present  prices — at 
least  $2.00  per  bushel,  wholesale — soybeans  could  well  be  sold,  and 
the  proceeds  used  to  buy  such  commercial  feeds  as  would  prove 
more  profitable  than  soybeans  to  use  with  corn  for  fattening  swine 
under  present  market  conditions.  Beans  that  have  been  cracked  in 
threshing  or  that  haVe  been  rendered  unmarketable  in  any  other 
way  that  does  not  impair  their  feeding  value  could  be  used  very 
profitably  in  pork  production. 

CORN  AND  BLUEQRASS  PASTURE  COMPARED  WITH 
CORN,  SKIM  MILK  AND  BLUB  GRASS  PASTURE. 

Two  lots  of  pigs,  five  in  each  lot,  were  fed  rations  as  above. 
The  results  of  this  test  are  given  in  Table  IX.  Each  lot  received 
(for  Lot  1)  all  of  the  corn  or  (for  Lot  2)  com  and  skim  milk  that  they 
would  consume.  The  pigs  were  about  four  months  old  when  the 
test  began,  July  6.  Both  lots  were  fed  until  September  22,  1906, 
when  the  pigs  from  Lot  2  were  sold.  Lot  1,  fed' corn  and  bluegrass 
pasture,  was  fed  until  their  total  gain  was  approximately  equal  to 
that  of  Lot  2.  The  rate  of  gain  was  more  than  one  half  greater 
with  Lot  2  than  with  Lot  1. 
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TABLE  IX:    CORN  AND  BLUSQRA8S  PASTURE  COMPARBD  WITH  CORN. 

SKIM  IfOLK  AND  BLUEQRASS  PASTURE. 

5  pigs  in  each  lot— Experiment  IV  lastinr  79  days.    July  5  to  September  20,  *M 


GralA 
ratkn 

Initial 
weight 

Pinal 
ynAght 

Gain 

▲▼erage 

daily 
gain  per 

Feed 

F6ed 

oonsamed 

perlOOlbs. 

g-ain 

Com 

Lbe. 
348 

Lba. 
780 

Lba. 
431 

Lba. 
1.001 

Lba. 
1644.5 

Lba. 
381.5 

Oom  and  vkirn  mflkt           .    . 

384 

1028 

644 

1.630 

i  1697.6 
15647 

263.5oam 

876.8  a^m. 

It  should  be  stated  that  in  this,  as  in  all  other  similar  tests  con- 
ducted at  this  Station,  the  hogs  to  which  corn  alone  was  fed  ate  very 
much  more  i:rass  than  did  the  hogs  which  received  corn  and  skim 
milk.  Besides  the  lower  rate  of  gain  made  by  Lot  1,  this  lot  after 
having  made  practically  the  same  total  gain  (640  lbs.)  that  Lot  2 
made,  would  have  sold  on  the  market  for  25  cents  per  hundred- 
weight less.  This  point  is  often  of  great  importance,  but  market 
conditions  are  so  irregular  that  no  attempt  will  be  made  here  to 
advise  feeders  when  to  market  their  product.  This  matter  must  be 
decided  by  the  feeder  after  considering  the  conditions  which  exist 
during  eacL  year.  However,  it  can  be  said  that  economy  and  rapid- 
ity of  gains  seldom  prevent  advantageous  marketing. 

DRY  LOT  VS.  PASTURE. 

Experiments  conducted  during  the  summers  of  1907  and  1908 
give  an  excellent  opportunity  to  compare  dry  lot  feeding  with 
feeding  on  pasture,  when  corn  alone,  or  com  and  tankage  are  used. 
These  experiments  are  summarized  in  Table  X.  It  will  be  noted 
that  in  both  years  the  use  of  pasture  added  materially  to  the  rate 
and  economy  of  gain  when  corn  alone  was  fed.  In  the  1907  test 
corn  and  tankage  in  dry  lot  produced  almost  as  great  and,  so  far  as 
concentrates  are  concerned,  economical  gain  as  did  corn,  tankage 
and  pasture.  In  the  1908  test,  with  younger,  smaller  pigs,  quite  an 
appreciable  difference  in  rate  and  economy  of  gain  is  noted,  in  favor 
of  the  pasture  lot,  even  when  corn  and  tankage  were  fed.  Pasture 
grass  is  usually  a  relatively  cheap  feed  and  should  be  used  exten- 
sively for  pork  production,  especially  when  grain  feeds  are  high  in 
price.  Green  feeds  other  than  bluegrass  may  often  be  used  to  good 
advantage;  among  them  are  clover,  alfalfa,  timothy  and  rape.  In 
both  of  the  experiments  summarized  in  Table  X  heavy  grain  rations 
were  used. 
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in  CMh  lot— BxperimentV  lasting  SSday^.    Jolr  5  to  Anguit  S8,  HV. 


81 


Ratioa 

Initial 

Final 

Wdffht 

Gain 

ATerage 

daUj 

gain  pea: 

pig 

Feed 

Feed 
ooosamed 
perlOOlba. 

gain 

CoraoMalon  pasture ^..j. 

Lb*. 
719.5 

Lbs. 
1103.5 

Lba. 
384 

Lbs. 
1.306 

Lba. 
1796 

407.4 

Conimralhidrjlot 

709.5 

940 

830.6 

.838 

1370.6 

694.5 

ConiDea],  6;  tankage,   1,  on 
naitnre 

689.6 

1246.5 

617 

1.989 

2064 

880.9 

Conuoeal,  6;  tankage,   L  in 
dry  lot 

719 

1246 

627 

1.916 

2061.5 

889.2 

5  bocB  in  each  lot— Bjcperiment  VI  lasting  63  days.    Jnne  26  to  August  26,  *00 


OnuDsalon  pastnre 

824.6 

606 

871.5 

1.196 

1279.5 

844.4 

Conoiesl  in  dry  lot 

338.6 

647.6 

209 

.674 

1062.5 

5068 

CornsMd,  8;  tanJcage, 
pasture 

1  on 

329 

831 

502 

1.619 

1613 

821.8 

Oorameal,  8;  tankage; 
"Jlfl* 

1   in 

8886 

8866 

488 

1.674 

1697.5 

847.8 

The  financial  results  that  would  have  been  secured  under  vary- 
ing market  conditions,  using  the  1908  test  as  the  basis  of  calculations 
are  shown  in  Table  XI.  It  will  be  noted  that  the  cheaper  the  com 
the  less  the  relative  profit  from  pasturing  in  connection  with  both 
the  com  and  the  corn  and  tankage  lots.  In  this  calculation  a  fixed 
charge — $1.00  for  the  com  and  tankage  lot  and  $1.50  for  the  corn  lot 
—is  made  for  pasture.  The  reason  for  this  difference  in  charge  for 
pasture  is  the  fact,  noted  above,  that  the  corn  lot  consumed  notice- 
ably more  grass  than  did  the  corn  and  tankage  lot. 

From  the  foregoing  it  is  seen  that  pasture  may  often  be  a 
source  of  very  valuable  feed.  An  extensive  use  of  pasture  should 
often  be  made  in  pork  production,  especially  when  grain  is  very  high 
in  price.  In  this  connection  attention  is  directed  to  the  data 
presented  in  Table  XIV,  page  84,  which  shows  the  results  secured 
from  the  use  of  light  and  heavy  grain  rations  upon  pasture.  The 
amount  of  com  required  for  one  hundred  pounds  gain  is  467.4 
pounds  for  the  lot  fed  a  heavy  corn  ration  upon  pasture  and  only 
386.7  pounds  for  the  lot  which  received  a  light  grain  ration.  In  this 
CTperiment  the  light  grain  ration  was  equal  in  amount  to  two-thirds 
of  the  heavy  grain  ration.  , 
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TABLB  XI:    FINANCIAL  RESULTS  UNDER  VAkYINQ  BIARKET  CONDITIONa 
Experiment  VI  lasting  tfl  daye.    Jane  96  to  Auffust  S6,  '06. 


Rations 


Com  meal 
indzjlot 


Com  meal 
on  pastura 


Com  meal 

and  tankage 

onpastnie 


Com  meal 

and  tankage 

indzjtot 


Com.  4Scentaperbaabel;  tankage,  t4S.C0  per  ton 


Coat  per  hundred  lbs.   gain 

profit  on  gain  in  liye  weiglit  of 

5  hngs  ^  5  cents  per  lb 

Profit  on  gain  In  lire  weight  of 

5  hogs  (9  6  cents  per  lb... 


$1.08 
1.91 
4.00 


$8.17 
6.80 
10.(n 


$8.26 
816 
18.78 


$8.81 
8.28 
18.14 


Com,  60  cents  per  basbel; 

tankac«.$4S.C0  per  ton. 

Cost  per  100  pounds  gain. 

$5.46 

$4.08 

$4.02 

$4.14 

Profit  on  gain  in  lire  weight  oi 

6hogS(96cenU  per  lb 

toss         M 

8.37 

4.92 

4.22 

Profit  on  gain  in  lire,  weight  of 

fihogs^ficenUper  lb 

1.16 

7.08 

994 

9.10 

Com,  75  cents  per  bushel;  tankage,  $42.60  per  ton. 


Cost  per  100  pounds  gain 

Profit  on  gain  in  liye  weight  of 

6  hogs  ®  5  cents  per  lb 

Profit  on  gain  in  liye  weight  of 

6  hogs  ^  6  cents  per  lb. . . 


PBBDING  ON  BLUBQRASS  PASTURE.     CORN  COMPARED 
WITH  CORN  AND  TANKAGE.    TWO  TESTS. 

In  1907  and  in  1908  tests  were  conducted  to  compare  corn  with 
corn  and  tankage  for  feeding  on  pasture.  The  pasture  used  in 
these  tests,  as  in  the  one  just  discussed,  consisted  of  bluegrass  and 
white  clover.  In  1907  the  corn  and  tankage  mixture  consisted  of  6 
parts  cornmeal  to  1  part  tankage,  by  weight;  in  1908  the  proportions 
were  8  to  1,  for  cornmeal  and  tankage,  respectively.  In  both  tests 
the  hogs  were  fed  all  the  grain  they  would  consume.  Table  XII 
shows  tl^e  results  secured  from  these  tests. 

In  each  case  the  lot  that  received  corn  and  tankage  made  greater 
gains  than  were  secured  from  the  use  of  corn  alone.  Less  concen- 
trates were  required  for  a  given  gain  when  corn  and  tankage  were 
fed  than  when  only  corn  was  given.  Moreover,  as  was  stated  in 
connection  with  the  comparison  of  corn  with  corn  and  skim  milk 
on  pasture,  the  lot  fed  corn  alone  consumed  more  grass  than  did  the 
other  lots.  With  com  very  low  in  price  it  is  possible  that  com  alone 
on  pas^ture  would  produce  more  net  profit  than  would  corn  and  a 
supplemental  feed.  On  this  account,  the  feeder  should  know  what 
results  are  to  be  expected  from  various  rations  so  that  he  may  apply 
local  market  conditions  to  these  results. 
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TABUS  Xn:    CORNMBAL  COIfPARBD  WITH  CORNMSAL  AND 

TANKAQB  ON  BLUBORA88  PA8TURB. 

Flvabogaia  Mich  lot.    Bxperinent  Vn  laitliiff  55  dftya.    Jalr  5th  to  Angui*  Sttli«  INf  • 


Gndnntkm 

Initiml 
wdfflit 

Ffaial 
ndglit 

Gain 

AT«rag« 

dailjgain 

per  piff 

F^ed 

Ftedcoo. 

earned  par 

100  poonda 

gain 

OwniuH^I,  6;  tankafv,  1 

Lb*. 
6B06 

Lb«. 
1216.6 

Lba. 

6i7 

Lbe. 
1.989 

Lbe. 
906A 

Lbe. 
380.9 

Conunml , 

719.5 

1108.6 

384 

1.396 

1196 

tf7.4 

Five  boo  la  each  lot.    BxperioMtit  VUI  lasting  <2  dajre.    June  a6th  to  Aagui*  Mtb,  IMI. 

Crrnniml  8;  tankagt^  1 • 

329 

831 

602 

1.619 

1613 

921  3 

Qoniiieal . 

324.6 

606 

371.6 

1.196 

12796 

344  i 

LIGHT  VS.  HEAVY  Q^AIN    RATIONS  IN  DRY  LOT. 

Two  experiments  have  been  conducted  to  compare  light  and 
heavy  rations,  when  swine  are  confined  in  dry  lot.  The  results  of 
these  experiments  are  presented  in  table  XIII.  In  these  experi- 
ments the  light  ration  was  equal  in  amount  to  three-fourths  of  the 
heavy  ration.  It  will  be  noted  that  no  marked  difference  in  economy 
of  gain  resulted — in  fact,  the  amount  of  feed  consumed  for  a  given 
gain  was  almost  exactly  the  same  for    the    two    different    lots. 

TABLE  XIU:    LIGHT  VS.  HBAVY  QRAIN  RATIONS  IN  DRY  LOT. 
Pour  hogu  in  each  lot.    Bxperiment  IX  laetinr  196  dajra,    September  19, 1907  to  April  3, 1906. 


Ration 

InitUl 
weight 

Final 
weiirht 

Gain 

Ayeraffe 

daily  gain 

per  pig 

Feed  oonaumed 

Feedooasnmed 
per  100  lbe.  gain 

Milk 

Coooen- 

Milk 

trates 

tratee 

Sept. 
19^1907. 

Conuneal,  oiiddling^ 

Lbe. 
190 

Lbe. 
657 

Lbe. 
367 

Lbe. 
1.277 

Lbe. 
1444 

Lbe. 
960 

Lbe. 
893.4 

Lbe. 

258  8 

to 

Hot.  29, 
1907 

Commeal,  middlinirs, 
Bldm  milk  {H  fun  feed, 

183 

463 

280 

.972 

1063 

712.5 

386.8 

264.6 

NoT.30, 
1907, 

667 

1467 

900 

1.785 

3834 

426. 

to 
1908 

(K  full  feed) 

463 

1122 

659 

1.307 

2876.6 

436.3 

Five  tiofa  in  each  lot.    Bzperiment  X  laeting 63 daye.    Jane36th  to  At>cuet26th,  1908. 


338.6 

826.6 

488 

1.674 

1697.5 

347.8 

(H  fell  feed) 

827 

689 

362 

1.167 

1273 

352. 
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The  amount  of  grain  was  quite  widely  different — practically  one-third 
more  for  the  heavy-fed  lot  than  for  the  ligfht-fed  lot.  These  results 
show  that,  so  far  as  economy  of  grain  is  concerned,  no  material  diff- 
erence existed  between  light  and  heavy  feeding  as  practiced  in  these 
tests.  In  rate  of  production  and,  therefore,  in  lengrth  of  time 
required  to  produce  a  g-iven  amount  of  pork,  a  wide  difference 
existed.  There  seems  to  be  little  reason  for  feeding  less  than  a  full 
ration  to  swine  that  are  being  fattened  in  dry  lot. 

The  figures  presented  in  the  first  part  of  Table  XTTT  sho^w 
something  of  the  great  capacity  of  swine  for  converting  feed  into 
meat.  With  the  four  head  which  were  fed  full  rations  it  is  seen  that 
during  the  198  days  of  the  experiment  they  gained  a  total  of  1267 
pounds  in  live  weight,  consuming  during  this  period  4087  pounds 
of  cornmeal,  271  pounds  of  middlings,  426  pounds  of  tankage  and 
1444  pounds  of  skim  milk. 

LIGHT  VS.  HEAVY  GRAIN  RATIONS  ON  PASTURE. 

With  hogs  upon  pasture  the  proposition  is  very  different  from 
dry  lot  feeding,  and  it  is  often  possible,  by  feeding  relatively  light 
grain  rations,  to  induce  hogs  to  eat  a  much  larger  amount  of  grass 
than  when  heavier  grain  rations  are  supplied,  and  thus  effect  a 
marked  economy  in  production. 

TABLE  XIV:    LIGHT  VS.  HEAVY  GRAIN  RATIONS  ON  PASTURE. 
Five  hoes  in  each  lot.    Bxpeiiment  XI  laatine  5S  dajrs.    July  Sth  to  Auffust  28th  1907. 


Grain  ration 

Initial 
weiffht 

Final 
weight 

Gain 

Av.  daily 

ffainper 

pig 

Grain 
consumed 

Grain  con- 
sumed 
per  100  lbs. 
crain 

ComoMfal 

Lbs. 
719.5 

Lbs. 
1103.5 

Lbs. 
384 

Lbs. 
1.396 

Lbs. 
1795 

Lbs. 
467.4 

Cornmeal  (?S  full  feed) ... . 

675 

• 

982.5 

307.5 

1.118 

1189.2 

386.7 

One  experiment  has  been  conducted  at  this  Station  to  compare 
light  and  heavy  grain  rations  for  hogs  on  pasture.  In  this  test  two 
lots  of  pigs,  five  in  each  lot,  were  fed  for  55  days  upon  a  grain  ration 
of  corn  alone  with  bluegrass  and  white  clover  pasture  in  abundance. 
The  results  of  this  experiment  are  given  in  Table  XIV,  and  show 
that  a  marked  lessening  in  amount  of  grain  feed  required  for  a 
pound  of  gain  resulted  from  withholding  a  part  of  the  grain,  on  ac- 
count of  the  more  extensive  use  made  of  a  cheaper  feed,  pasture  grass. 
It  is  not  possible  to  ascertain  the  definite  amount  of  grass  consumed 
by  the  two  lots;  it  was  certain,  however,  that  the  lot  which  received 
the  light  grain  ration  consumed  more  grass  than  did  the  lot  fed  the 
heavy  grain  ration. 
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HOGS  IN  CATTLE  FEED-LOTS. 

It  is  grenerally  considered  by  feeders  that  hog^s  in  cattle  feed- 
k)ts,  depending:  very  largely,  or  exclusively,  upon  the  corn  in  the 
dropping^s  from  the  steers  will  make  as  g^reat  gains  as  hogs  can  be 
expected  to  make.  A  number  of  tests  conducted  at  this  Station 
showed  decided  increase  in  rate  of  gain  when  a  supplemental  feed 
was  used.  Facilities  for  making  these  tests  have  been  rather  limited, 
on  account  of  the  small  number  of  cattle  that  have  been  fattened 
hereunder  conditions  that  would  permit  such  tests.  Consequently, 
only  one  supplemental  feed,  digester  tankage,  has  been  used. 

These  tests  were  conducted  in  conjunction  with  a  steer 
feeding  experiment,  the  plan  of  which  is  given  below.  Later 
experiments  were  conducted  under  similar  conditions.  The  plan 
of  the  first  test  was  as  follows: 

Four  lots  of  steers,  seven  head  in  each  lot,,  were  fed  upon  two 
different  rations — two  lots  upon  each  ration.  Lots  1  and  3  received 
shelled  corn,  cottonseed  meal,  corn  stover,  mixed  hay  and  corn 
silage.  Lots  2  and  4  received  shelled  corn,  cottonseed  meal,  com 
stover  and  hay.  The  two  lots  last  mentioned  received  more  corn 
and  more  dry  roughage  than  did  the  lots  first  mentioned,  on  account 
ofnot  receiving  silage,  which,  of  course,  contained  both  grain  and 
roughage.  All  lots  of  cattle  received  the  same  amount  of  cottonseed 
meal  daily  per  steer. 

.  TABLB  XV:    HOGS  FOLLOWING  8TBBRS. 
Three  hoes  in  each  lot.    Bxperiment  XII  lasting  63  days,  March   20*  to  May  21,  1907. 


Lot 

Stwr 
ntkn 

Hog  ratkn 

Initial 
weight 

Final 
weight 

Total 
gain 

Ayerags 

daily  gain 

perpV 

1 

Silage 

Grain  from  droppings  and  one-third  pound  tankage 
daily  per  bog  m  addition 

Lbs. 
200 

Lbs. 
MS 

Lbs. 
275 

Lbs. 
1.46 

8 

Silage 

280 

434 

164 

.81 

4 

Dry 

Grain  from  droppings 

306 

630 

226 

1.19 

6 

Dry 

Grain  from  droppings  and  one-third  pound  tankage 
daily  per  liogm  addition 

331 

656 

824 

1.71 

Four  bogs  in  each  lot.    Bxperiment  XIII  lasting  56  dajrs.  May  22  to  July  16, 1907«  inclusive. 


1 

Silage 

Grain  from  droppings  and  one-third  ponnd  tankage 
daily  per  bog  m  addition  

446 

786 

321 

1.43 

3 

SQage 

Grain  from  droppings 

460 

657 

197 

.88 

4 

Dry 

470 

692 

222 

■99 

6 

Dry 

Grain  from  droppings  and  one-third  pound  tankage 
daily  per  hog  in  additkn 

446 

756 

310 

1.38 

Totalgafaisof  lots  fed  tankage 1230  pounds. 

Total  gaiiM  of  lou  not  fed  tankage 798  pounds. 

ucteaaed  gains  by  lote  fed  tankage 432  pounds. 

*  Weigitt  of  bogs  taken  March  30th;  feeding  of  tankage  began  March  2l8t.  --^  t 
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During*  the  first  part  of  the  experiment  three  hogs  were  put 
with  each  lot  of  seven  cattle;  later  these  l}ogs  were  replaced  by  a 
thinner  lot  and  four  hogs  were  placed  with  each  lot.  The  first  set 
of  hogs  was  under  experiment  for  63  days,  the  second  lot  for  56 
days. 

No  com  was  fed  to  the  hogs,  and,  as  the  cattle  feed  racks  were 
so  constructed  as  to  prevent  the  grain  being  thrown  out,  the  hog's 
secured  no  grain  except  that  which  appeared  in  the  droppings  from 
the  steers.  All  lots  were  kept  supplied  with  a  mixture  of  ashes 
and  salt.  It  is  of  interest  to  note  that  the  lots  fed  tankage  cared  less 
for  the  ashes  and  salt  than  did  the  other  lots.  The  tankage  was  fed 
at  the  rate  of  one-third  of  a  pound  daily  per  pig,  in  the  form  ot  a 
thin  slop.  It  may  be  very  conveniently  fed  in  this  manner  and  was 
greatly  relished  by  the  hogs,  in  fact,  they  exhibited  an  almost 
ravenous  appetite  for  it. 

Table  XV  shows  the  results  secured  from  experiments  during 
which  the  corn  in  the  steers'  droppings  was  the  only  grain  to  which 
the  hogs  had  access.  It  will  be  observed  that  greatly  increased  gains 
resulted  from  the  use  of  the  supplemental  feed.  There  was  no  way 
of  measuring  the  exact  cost  of  gains  with  the  different  lots,  as  the 
amount  of  com  that  passed  through  the  steers  might  have  varied 
materially.  However,  there  is  abundant  evidence  to  show  that  the 
use  of  tankage  was  very  profitable.  The  two  lots  that  were  fed 
tankage  ate  295.5  pounds  of  this  material  and  made  432  pounds 
greater  gains  than  did  the  two  lots  which  were  subjected  to  similar 
treatment  with  the  exception  of  the  use. of  tankage.  All  of  the  lots 
left  a  small  amount  of  corn  in  the  manure,  and  it  cannot  be  said  for 
a  certainty  that  the  tankage  fed  lots  did  not  eat  more  com  than  did 
the  others. 

TABLB  XVI:    H008  FOLLOWING  8TBBR8, 
Five  hoo  in  e%.li  lot.    Experiment  XIV  lasting  71  dajrt.    Jan.  15.  to  March  2S,  1908. 


Steer 
ratka 

Hog  ration 

Corn 
fed 

Tank- 
age fed 

Initial 
weight 

Final 
weight 

Gain 

▲y.  dailr 

gain  per 

pig. 

Silage 

Lbe 
9G2.5 

Lbs. 
121.15 

Lba. 

548 

Lbe. 
1030 

Lbe. 
482 

Lbe. 
1.857 

Dry 

062.5 

121.15 

563 

1000 

447 

1.200 

SUage 

916.5 

537 

875 

388 

.908 

i>ry 

65B.3 

547 

*755 

348 

1.017 

Total  gain  of  lots  fed  tanlcage 929  pounds 

Total  gain  of  lots  not  fed  tanlcage 086  ponnds 

Increased  gains  bj  lots  fed  tankage 248  ] 

*One  hog  taken  oat  March  14»  weight  140  pounds. 
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In  tests  conducted  later  than  the  ones  reported '  above,  dry 
shelled  com  was  fed  in  addition  to  that  which  was  present  in  the 
steers'  dropping-s.  Tables  XVI  and  XVIE  show  the  results  of  these 
tests,  which  are  in  close  agreement  with  the  ones  previously  dis- 
cussed. In  the  tests  summarized  in  Table  XVII,  tankage  was  used, 
but  in  different  amounts,  one-half  of  the  lots  receiving  one-third  of  a 
pound  of  tankage  daily  per  pig,  the  other  half  receiving  twice  as 
much. 

TABLE  XVII:    COMPARISON  OP  DIPPBRSNT  AMOUNTS  OP  TANKAQB 

POR  HOQS  FOLLX)WINQ  STEERS. 

Five  bocB  io  each  lot.    Experiment  XV  lattiiiff  70  days.    January  14th  to  March  34th,  1909. 


Steer  ratkm 

InitUl 
wdffht 

Final 

Gain 

At.  dailj 

gataiper 

Piff 

*  Com  oonsnm. 
ed  daring' 
experiment 

Tanka^oon. 
•umed  durinir 
ezperiflMnt 

tt<ar», 

Lbs. 
517 

Lba. 
900 

Lba. 
443 

Lbs. 
1.205 

Lbs. 

m 

Lba. 
175 

Dij. 

630 

1040 

510 

1.457 

415 

176 

m%gfi 

543 

UIO 

567 

1.8» 

060 

2825 

Dry 

597 

1210 

643 

1.837 

548 

282  6 

Six  hoc*  in  eacl 

tilot.    Experiment  XVI  laatinr  70  daya.    March  25th  to  June  Snd,  1909. 

I>f9 

625 

U07 

482 

1.147 

433 

213 

l>ry 

620 

1060 

479 

1.140 

283 

213 

ataf« 

626 

1163 

538 

1.280 

433 

318.5 

Diy 

625 

U08 

478 

1.138 

283 

318.5 

Six  hoc*  in  each  lot.    Experiment  XVII  laatinr  69  daya.    BCarch  36th  to  Jnne  Srd,  190S 

»A£r   , 

685 

1200 

006 

1.^461 

886 

274 

Dry 

680 

1166 

566 

1.364 

723 

274 

aUace. 

680 

1045 

466 

1.008 

873 

137 

Dry 

1470 

t720 

375 

1.178 

671.5 

106.2 

Total  (aina  of  benT7  fed  tankage  lota 1170  pounda. 

TMalfain«  of  light  fed  tankage  k>U 830  poanda. 

laoeaaed  gains  by  beaTj  fed  tankage  lots 340  pounds. 

*  Besides  that  secnred  from  droppings  of  steers.  t  Only  five  hogs  to  begin  with. 

I  Onebog  taUcen  oat  May  7th,  weight  125  pounds. 
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These  three  experiments  conducted  to  secure  data  in  regard  to 
the  amount  of  tankage  which  should  be  fed  to  hogs  in  cattle  feed 
lots  for  best  results  have  shown  greater  gains,  on  the  whole,  from 
two-thirds  of  a  pound  of  tankage  daily  per  pig  than  from  only  one- 
third  of  a  pound  daily.  It  will  be  observed  that  two  of  the  three 
tests  show  better  results  from  the  use  of  the  larger  amount  of 
tankage.  It  is  expected  that  further  work  along  this  line  will  be 
done  in  connection  with  future  cattle  feeding  experiments.  If  other 
supplemental  feeds,  suitable  for  use  with  corn  are  more  readily 
available  for  use  than  tankage,  there  is  no  reason  why  they  should 
not  be  used.  As  has  been  suggested  before,  the  feed  that  will  pro- 
duce the  desired  results  at  the  least  cost  should  be  used;  to 
decide  this  point,  market  conditions  will  need  to  be  carefully 
considered. 

8UMBSARY. 

Corn  alone,  at  prices  approximating  those  that  now  prevail,  is 
not  a  profitable  ration  to  use  in  pork  production. 

Feeds  richer  in  protein  and  mineral  consitituents  should  be 
supplied  to  supplement  corn  in  a  way  to  provide  for  the  growth  of 
muscle  and  bone  as  well  as  for  the  production  of  fat. 

The  use  of  supplemental  feeds  of  the  character  mentioned  in 
the  preceding  paragraph  has  given  good  results  for  feeding  in 
ordinary  dry  lots,  in  cattle  feed-lots  and  on  pasture. 

Skim  milk,  soybeans,  tankage,  middlings  and  pasture  grass  all 
proved  valuable  feeds  for  use  in  connection  with  corn.  The  supple 
mental  feed  to  use  will  depend  very  largely  upon  market  prices. 

In  the  comparison  of  light  and  heavy  grain  rations  for  dry  lot 
feeding  no  marked  advantage  of  either  was  evident  so  far  as  econ- 
omy of  gains  was  concerned.  As  would  be  expected,  the  heavy 
grain  ration  produced  more  rapid  gains  than  did  the  light  grain 
rations. 

Marked  economy  in  cost  of  gains  resulted  from  the  use  of  a 
light  grain  ration  in  place  of  a  heavy  grain  ration  for  swine  on 
pasture.  If  a  cheaper  feed  may  be  used  in  place  of  the  grain,  it  is 
often  possible  to  lessen  very  materially  the  cost  of  pork  production 
by  feeding  a  light  grain  ration.  If  concentrates  are  to  be  used 
exclusively,  the  use  of  a  heavy  grain  ration  would  be  advisable, 
unless  the  aim  of  the  feeder  is  to  hold  the  stock  in  a  low  or  moderate 
condition  in  order  to  secure  cheaper  feeds  for  fattening  later. 

It  is  important  for  feeders  to  understand  market  conditions  as 
well  as  efficiency  of  feeds.  The  rations  that  produce  the  most  rapid 
gains  are  not  necessarily  the  most  profitable  feeds  to  use.  On  the 
other  hand,  rations  that  produce  cheap  gains  may  produce  these 
gains  so  slowly  that  the  profits  will  be  very  small. 
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Eitber  home  crrown  or  commercial  supplemental  feeds  may  be 
Qsed  in  connection  with  com  to  good  advantaire,  and  feeders  should 
be  ready  to  use  whichever  will  be  most  profitable.  It  will  often  pay 
to  exchangre  farm  ^own  feeds  for  commercial  feeds.  On  the  other 
hand,  it  is  often  true  that  the  use  of  feeds  irrown  on  the  farm  will 
prove  more  profitable  than  the  use  of  commercial  feeds. 

Feeds  other  than  those  discussed  in  this  bulletin  have  given 
good  results  when  used  to  supplement  com.  Buttermilk,  meat 
meal,  linseed  oilmeal,  clover,  alfalfa  and  various  other  feeds  may 
often  be  fed  with  com  to  good  advantage.  Whatever  feeds  are  used 
in  pork  production,  the  feeder  should  pay  close  attention  to  market 
prices  of  the  various  feeds  that  may  be  had,  and  use  the  most  eco- 
nomical, efficient  feeds  that  are  available. 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


AOQ  1Z  1924    )  3^1    l( 


THE  BLADE  BUGHT  OF  OATS 
A  BACTERIAL  DISEASE 


OHIO 

Agricultural  Experiment 

Station 

V700STBR,    OHIO,    U.    S.    A.,    OCTOBER,    1909. 

BULLETIN  210 


The  BulUHns  of  this  Station  ate  sent  free  to  all  residents  of  the  State 
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THE  BLrADE  BLIGHT  OF  OATS— A  BACTERIAL 
DISEASE. 

By  TH08.  P.  MANNS. 

INTRODUCTION. 

Dnring:  the  past  three  seasons  the  oat  crop  of  Ohio  has  sus- 
tained much  loss  from  a  blight  disease  which  has  been  quite  general 
throughout  the  Central  and  Eastern  states.  From  the  many  in- 
quiries by  the  farmers  of  Ohio,  and  the  great  differences  of  opinion 
among  scientific  workers,  it  is  quite  evident  that  the  nature  of  the 
trouble  has  not  been  well  understood.  Many  of  the  farmers 
supposed  the  trouble  to  be  of  the  nature  of  a  rust  (See  page  98). 
Among  the  scientific  workers  the  conclusions  reached  were  widely 
diflferent.  In  one  section  insects*  were  noted  as  a  cause;  in  another 
case,*  while  the  origin  of  the  trouble  was  held  to  be  in  doubt,  its 
wide  spead  development  was  believed  to  be  due  the  cold,  wet,  cloudy 
season.  A  third  investigator  found  the  disease  not  to  be  directly  the 
result  of  insect  work*.  Prof.  J.  Dearness*  writing  through  the 
Farmer's  Advocate,  a  Canadian  paper,  in  1907,  (after  having  re- 
viewed the  New  York  State  Reports  for  1889-1890  by  C.  H.  Peck) 
supposed  the  cause  to  be  either  bacterial,  in  the  class  with  the  bac- 
terium of  pear  blight,  or  else  due  to  the  reduction  of  the  vitality  of 
the  oats  through  climatic  causes.  Prof.  Selby,  in  a  report  on  plant 
diseases,*  supposed  the  trouble  to  be  due  to  the  great  changes 
of  weather,  iwssibly  aided  by  aphides.  A  similar  trouble  in 
1890  was  pronounced  by  the  Division  of  Plant  Pathology,  De- 
partment of  Agriculture,  Washington,  D.  C,  to  be  due  to 
bacteria*.    In  Connecticut  a  similar  disease    was    supposed    to    be 

iSpedal  BtUletin  No.  38^  Mkbiffan  Affricultural  CdUege,  July  1907.  R.  H.  Pettit. 

<PxeBBBaUetiii  No.  286^  Ohio  Experiment  Statkn.  July  15th.  1907.  Chas.  E.  Tborne. 

'Journal of  Eoooomic Entomology,  Jane  1906.  pp.  190  and  191,  H.  A.  Gossard. 

^P^rmer's  AdTocate.  London,  Ontario.  Vol.  XLII.  No.  775,  Aug,  1,  1907,  Prof.  J.  Deamesa. 

KMiio  Affricultaral  Report.  1907,  p.  881. 

•Jounial  of  Myookwr,  Vol.  9,  pp.  72^  1800^  B.  T.  Galloway  and  S.  A .  Southworth. 
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due  to  msects\  What  appears  to  have  been  the  same  disease  was 
prevalent  in  New  York  in  1889  and  was  pronounced  by  C.  H.  Peck* 
as  due  to  a  f  ung^us;  however,  this  view  was  later  modified  and  Prof. 
Peck  pronounced  the  disease  not  to  be  due  to  f ung^i,  and  he  further 
noted  that  he  believed  it  was  not  the  results  of  insects  or  nematode 
work*.  In  1906  the  Connecticut  Station  reported  an  outbreak  of  a 
disease  somewhat  similar  to  the  blight  in  which  they  could  find  no 
bacteria  as  an  associated  cause.  "The  trouble  apparently  resulted 
from  unfavorable  weather  conditions,  possibly  aggravated  by  some 
root  disease."'^  Insects  many  times  in  the  past"  ""have  been  assign- 
ed as  causing  blights  of  oats  which  appear  very  similar  from  descrip- 
tions to  the  severe  blight  of  1907-8. 

CAUSE. 

The  author  finds  the  disease,  as  manifested  in  Ohio,  to  be 
caused  by  a  symbiotic  relation  of  two  species  of  bacteria;  the 
disease  being  greatly  influenced  by  weather  conditions  and  to  some 
extent  disseminated  by  insects. 

PREVIOUS  LITERATURE  ON  THIS  DISEASE 

Very  little  has  been  previously  written  upon  this  disease,  and 
where  studies  or  notes  have  been  reported  the  articles  are  very 
short;  for  these  reasons  the  writer  quotes  very  fully  from  the 
references  noted.  The  disease  as  it  appeared  in  1890  was  described 
by  Galloway  and  South  worth  as  follows  :• 

''During  the  months  of  May  and  June,  1890,  we  received  repeated  com- 
plaints and  inquiries  concerning'  a  mysterious  oat  disease  which  then  threatened 
to  destroy  the  entire  crop  of  the  Eastern  and  Central  States. 

During*  the  month  of  May,  when  the  oats  were  from  6  inches  to  a  foot  in 
height,  the  leaves  suddenly  began  to  turn  brown  and  die  at  the  tops.  The 
lower  leaves  were  attacked  first  and  the  brown  color  soon  extended  their  entire 
length.  In  a  very  short  time  all  the  leaves  were  dead  or  partially  brown,  and 
the  prospects  were  that  the  plants  would  die  and  the  oat  crop  t>e  a  total  failure. 
About  the  middle  of  June,  however,  the  fields  begun  to  revive,  the  oats  put  out 
some  few  fresh,  green  leaves,  most  of  them  headed  out,  and  by  the  first  of  July 
many  of  the  fields  appeared  in  a  fair  condition  on  superficial  observation.  In 
reality,  however,  the  losses  from  the  disease  will  amount  to  from  35  to  75  percent 
of  the  crop,  according*  to  the  locality.  Very  discouraging  losses  are  reported  from 
the  State  of  Pennsylvania,  where  there  is  probably  not  a  healthy  oat  field  to  be 
found.  Kentucky  and  Tennessee  have  suffered  even  more,  their  present 
averages  as  reported  to  the  Statistical  Division  being-  the  lowest  ever  reported 
from  any  state  for  a  staple  crop. 

713th  Annual  Report  of  Connecticut  Agricultural  Experiment  Station,  188B,  p.    180.    Roland 
Thaxter. 

•New  Yorlc  SUte  Report,  1889. 

•New  York  State  Report.  18B0. 

lOReport  of  the  Connecticut  Agricultural  Experiment  Station  for  the  pear  1906^  Part  Y ..  p.  316. 

iilnsect  Life,  VoL  III,  p.  306. 

i>BuUetin  106,  Division  of  Entomology,  Agric  Exp*t.  Sta.,  Minn..  April  1906.  F.L.  Washtnim. 

"Bulletin  44.  United  States  Department  of  Aericulture.  Division  of  Entomology,  1904. 

•Journal  of  Mycology,  Vol.  6.  p.  72-3,  1890. 
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The  disease  extends  from  New  England  to  Georgfia,  and  from  the  Atlantic 
coast  as  far  west  as  Indiana  and  Illinois.  It  is  not  present  in  Michigan.  All 
the  agents  for  the  Statistical  Division  agree  in  ascribing  the  cause  of  this  re- 
markable decline  in  the  oat  crop  to  the  same  thing,  namely,  a  "blight"  or 
"rust"  which  struck  the  fields  in  May. 

The  disease  prevented  the  oats  from  stoolihg  well,  and  it  frequently 
happened  that  all  the  shoots  but  the  main  one  of  a  stool  were  killed.  As  a 
result  the  oats  are  very  thin,  and  in  riding  along  by  a  field  even  at  a  con- 
siderable distance  one  can  see  to  the  ground  between  the  drill  rows  when  the 
oats  are  in  full  head.  Besides  this  the  losses  are  augmented  by  the  fact  that 
the  amoant  of  green  foliage  which  developed  after  the  attack,  was  not  sufficient 
to  produce  a  strong  growth  of  the  surviving  stalks^  nor  to  supply  material  for 
a  good-sized  head;  the  straw  is  therefore  short  and  light  and  the  heads  small. 
The  heads  do  not  seem  to  be  well  filled,  and  threshing  will  probably  reveal  a 
lighter  yield  than  farmers  themselves  expect. 

Such  a  universal  disease  can  t>e  attributed  to  no  deterioration  of  soil  or 
lack  of  cultivation,  although  there  is  no  doubt  that  good  cultivation  will  pro- 
duce better  oats  than  poor,  even  when  they  are  diseased.  The  disease  has 
attacked  oata  on  the  best  as  well  as  on  the  poorest  soils,  fields  that  were 
fertilized  as  well  as  those  that  were  not.  The  oats  are  best,  however,  in  level 
weQ  cultivated  and  drained  fields,  while  they  are  poorest  in  low,  wet  spots  and 
on  hillsides  and  other  places  where  the  soil  is  thin.  In  such  places  they  are 
too  short  to  be  harvested. 

A  very  careful  study  of  the  plants  has  been  made  in  the  field  and  labora- 
tory,  but  nothing  in  the  way  ol  a  fungous  or  animal  parasite  that  could  cause 
the  trouble  has  been  found.  From  the  nature  of  the  disease  our  attention  has 
been  directed  mainly  to  a  study  of  it  from  a  bacterial  standpoint.  Bacteria  have 
been  found  in  every  bpecimen  examined.  Nearly  200  cultures  have  been 
made  in  at  least  a  dozen  different  media  and  all  have  yielded  two  germs,  one  of 
which  is  exceedingly  abundant.  In  nearly  50  cases  the  disease  has  been 
produced  in  young  pot-grown  plants  by  inoculating  from  direct  material.  In- 
oculations of  young  plants  with  pure  cultures  are  now  under  way  and  it  is 
hoped  that  some  definite  results  will  soon  be  obtained  from  this  source. 

(Since  writing  this  the  disease  has  been  produced  in  fifty  or  more  cases  by 
inoculating  with  the  more  abundant  organism.  Five  days  after  inoculating,  the 
characteristic  discolorations  appeared  and  cultures  made  from  these  have  yielded 
the  tjrpical  <M'ganism  in  a  nearly  pure  condition.)" 

There  is  still  a  possibility  that  although  the  disease  may  be  caused  by 
bacteria  they  are  dependent  upon  certain  conditions  of  the  atmosphere  for  their 
development,  and  need  not  t>e  feared  another  year.  Experiments  to  settle  this 
question  are  also  under  way. 

What  appears  to  have  been  the  same  disease  was  described  by 
Prof.  C.  H.  Peck  as  occurring*  in  New  York  in  1889  and  the  cause 
was  attributed  to  a  fungus,  Fusicladtum  destruens.  He  reported 
as  follows:' 

**In  the  southern  part  of  St.  Lawrence  County,  which  was  visited  by  the 
writer  the  past  summer  (1889)  scarcely  a  field  of  oats  was  free  from  this  disease. 
So  prevalent  was  it  that  the  general  color  of  the  fields  was  changed  thereby,  and 
it  was  the  opinion  of  the  owners  that  their  oats  were  rusting  badly.  Upon  close 
examinaticm,  no  rust  was  to  t>e  found.  In  its  stead,  the  discoloration  of  the 
leaves  and  the  fungus  now  described  appeared.  It  is  apparently  a  very  in- 
jurious and  destructive  fungus. " 
*New  York  State  ResMrt  18BB,  C.  H.  Ptock. 
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However,  in  1890,  Dr.  Peck  found  upon  further  study  of  the 
disease,  reason  to  modify  his  former  conclusions  in  regurd  to 
Fusicladium  bein^:  the  cause.     He  reported  as  follows:' 

"When  my  last  report  was  written,  this  fungus  (Fusicladium  destruens) 
was  suspected  of  being*  the  cause  of  the  disease,  which  has  appeared 
over  a  wide  extent  of  country,  and  in  the  fields  examined  scarcely 
an  unaffected  plant  could  be  found.  It  is  hardly  possible  that  the  Fusicladium 
could  have  spread  so  extensively  in  so  short  a  time.  It  is  more  reasonable  to 
suppose  that  it,  like  the  other  fungi  mentioned,  is  a  consequence  rather  than  a 
causeof  the  disease."  He  noted,  however,  that  the  injury  appeared  not  to  be 
the  work  of  insects  or  nematodes. 

The  Connecticut  Station  recognized  the  blight  and  reported  as 
follows^ 

*'Coleothrips  3-fa8ciata  Pitch:  A  *rust*  of  oats  has  been  the  cause  of  much 
complaint  throughout  the  State  during  the  past  summer,  and  where  examined 
proved  to  be  due,  in  most  cases,  not  to  the  common  fungus  rusts  {Puccinia  coro^ 
nata  and  P.  graminis)\  but  to  a  minute  insect  which  Mr.  Pergande,  of  Wash- 
ington, has  kindly  determined  as  probably  Coleothrips  S-fasciata  Fitch.  Fields 
infested  by  it  have  a  reddish,  wilted  look  and  often  mature  comparatively  little 
of  their  seed.     No  remedy  can  be  suggested  in  this  case. " 

Miss  Freda  Detmers,  botanist  of  the  Ohio  Experiment  Station 
for  1890  and  '91,  mentions  a  blight  of  oats  due  to  bacteria  upon 
which  she  did  some  work,  quoted  as  follows:'* 

"The  work  of  the  division  during  the  past  year  has  mainly  been  confined  to 
a  careful  study  of  the  fungous  diseases  of  plants.  «  »  «  «  Briefly  stated  the 
diseases  investigated  are  as  follows:*'  Among  many  others  is  mentioned  '*an 
undescribed  bacterial  disease  of  oats.*' 

Pettit  described  the  trouble  in  March  1907  as  follows*: 
"From  all  parts  of  the  state,  complaints  are  coming  in  with  respect  to  the 
condition  of  the  oat  crop.  The  last  week  has  seen  a  notable  change  in  the 
outlook.  The  young  oats  in  a  large  part  of  the  state  have  suddenly  become  as 
if  stricken  by  blight,  the  outer  leaves  turning  yellow  and  afterwards  reddish 
until,  after  a  little  time,  the  field  appears  as  if  badly  rusted.  A  closer  exami- 
nation shows  that  there  are  few  if  any  rust  pustules  and  the  appearance^  on 
the  surface  is  just  enough  different  from  that  produced  by  rust  to  raise  a  doubt 
as  to  the  real  cause  of  the  difficulty. 

Careful  examination  with  the  aid  of  a  powerful  lens  shows  the  culprit  to  be 
a  minute  insect  called  a  thrips,  very  small,  and  very  quick  in  its  movements, 
jumping  like  a  flea  when  disturbed  and  disappearing  completely.  These  little 
creatures  have  narrow  wings  with  fringes  of  long  hairs  instead  of  the  ordi- 
nary form  of  wings.  They  scrape  the  surfaces  of  the  oat  leaves  and  cause 
them  to  become  withered  and  to  turn  yellow  and  die.  Now,  this  little  creature 
has  never  been  seen  in  numbers  by  the  writer  and  it  is  very  difficult  to  jud^e 
just  what  will  be  the  outcome  of  the  infestation.  If  one  mig'ht  judge  by  the 
behavior  of  its  relatives  one  would  expect  the  condition  to  improve  after  one  or 
two  good  rains,  since  thrips,  in  general,  thrive  in  hot,  dry  weather,  and  do  not 
do  well  when  it  is  moist.  However,  it  seems  to  be  quite  serious  in  places  where 
there  has  been  a  fairly  good  supply  of  rain.  The  larger  the  plants  are,  the 
better  they  fare. 

•New  York  SUtc  Report.  18B0. 

fl3th  Annual  Report  Connecticut  Agricultural  Experiment  Station,  1880,  p.  18Q»  Dr.  R^imi 
Tbaxter. 

i*Ohio  Experiment  Station,  in  the  Annual  Report  for  1891.  p.  XXXIV. 

iMichiffan  Agricultural  CoUeve.  July  1907,  Special  Bulletin  No.  38.  GoOQIc 
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Now,  there  seems  to  be  nothing  one  can  do  to  check  the  trouble  at  this  time. 
If  it  were  possible  to  stimulate  the  growth  of  the  plants  in  any  way  it  would  be 
a  benefit,  but  such  a  course  seems  to  be  impossible.  All  plant  life  seems  to  be 
more  susceptible  to  insects  when  plants  are  in  poor  condition  for  any  reason, 
and  the  backward,  cold,  wet  spring  furnishes  a  very  sufficient  reason  for  the 
lack  of  ngor  and  resisting  power  which  they  should  have  to  help  repel  the 
invaders. " 

Director  Thome,  of  the  Ohio  Station,  reviews  the  disease'  in  a 
press  bulletin  as  follows: 

"Reports  received  by  the  Ohio  Experiment  Station  indicate  a  general 
prevalence  over  the  state  of  an  abnormal  condition  of  oats,  shown  by  many  of 
the  blades  turning  yellow,  or  reddish  yellow,  in  spots  or  streaks,  and  finally 
dying  at  the  tips  or  throughout  the  entire  length. 

A  similar  condition  was  manifested  by  the  oat  crop  of  Ohio  and  farther  west 
in  1890,  followed  by  a  considerable  reduction  in  yield  and  such  a  condition  is 
reported  by  the  Connecticut  Experiment  Station  as  occuring  in  that  state 
in  1906, 

The  attack  of  1890  was  pronounced  by  the  Division  of  Vegetable  Pathology, 
U.  S.  Department  of  Agriculture,  to  be  due  to  bacterial  infection.  The  Con- 
necticut Station  failed  to  find  evidence  of  such  infection  last  year,  and  we 
ha?e  not  yet  found  conclusive  evidence  of  such  infection  in  the  present  attack. 

In  the  case  of  the  present  attack  plant  lice  have  been  mentioned  by  many 
obaervers  as  being  unusually  abundant  on  oats,  but  we  have  not  as  yet  found 
conclusive  evidence  as  to  whether  they  have  or  have  not,  borne  an  important 
part  in  the  spread  of  the  trouble.     We  know  of  no  remedy  or  prevention. 

In  all  cases  similar  weather  conditions  have  been  observed,  namely:  excess 
(^cold,  rainy  weather,  followed  by  hot  sunshine,  and  it  appears  that  these 
conditions  have  been  the  chief  factors  in  producing  the  outbreak. 

In  this  connection  the  following  extract  from  the  report  of  this  Station  for 
1390  (it  being  then  located  at  Columbus)  may  be  of  interest: 

*The  Spring  of  1890  was  very  un^vorable  to  farming  operations  throughout 
tile  greater  portion  of  Ohio,  oh  account  of  almost  incessant  rains.  The  planting 
of  com,  oats  and  potatoes  was  generally  delayed,  and  cultivation  was  much 
interferred  with  until  after  the  middle  of  June.  On  the  Station  farm  oats  and 
potatoes  were  planted  late,  and  both  crops  suffered  so  much  from  blight  that  not 
half  an  average  yield  was  obtained.' " 

Prof.  H.  A.  Gossard  in  reviewing^  the  insect  troubles  of  1907 
writes  as  follows:' 

"During  the  spring,  wheat  and  oats  over  Ohio  suffered  from  a  peculiar 
disease,  marked  by  a  reddening,  yellowing  and  browning  of  the  leaves,  and 
a  general  stunting  of  the  growth  and  retardation  of  the  development  in  all 
respects.  Prom  the  fact  that  the  grain  louse,  Macrosiphum  granaria,  was 
noticed  in  considerable  numbers  in  some  fields,  the  newspapers  and  many 
correspondents  attributed  the  damage  to  the  lice.  Others  suspected  thrips  of 
causing  the  mischief.  After  an  examination  which  I  deemed  adequate,  I 
concluded  that  neither  of  these  insects  was  primarily  responsible  for  the  disease 
•o  far  as  Ohio  was  concerned,  though  both  species  added  to    the    trouble    to    a 

*Pn»  Bulletin  Now  28^  Ohio  Experiment  Station,  1907. 
1ntheJoiinialafSa)nomicEatomoloff7"Note8of  theSeawn"  June  1806,  pp*  190-191. 
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considerable  degree  in  some  fields.  The  majority  of  the  diseased  plants, 
however,  were  damaged  but  little  by  either  insect,  and  many  of  them  not  at  all, 
so  far  as  I  could  determine.  Com,  clover,  alfalfa,  strawberries  and  many 
weeds  suffered  in  precisely  the  same  way,  as  inferred  from  their  external 
symptoms,  and  no  insects  whatever  could  be  found  upon  them.  I  decided  tbe 
trouble  was  probably  wholly  physiological  in  character,  and  was  in  all 
likelihood  caused  by  the  cold,  wet  spring.  Parasites  overtook  the  lice  in  most 
localities  before  they  became  excessively  plentiful.*' 

Prof.  Selby  in  reviewing'  plant  diseases  in  his  report  for  1907 
says:'* 

**Oats  showed  a  frightful  collapse  by  leaf-blight  when  the  season  turned 
brighter;  it  seems  to  have  been  due  to  the  sudden  stress  of  the  change  (of 
weather),  possibly  aided  at  times  by  lice  or  aphides.*' 

The  same  disease  was  evidently  quite  prevalent  in  Ontario  in 
1907.  Prof.  J.  Dearness  writing*  through  the  Farmer's  Advocate* 
in  answer  to  subscribers  to  that  paper,  after  reviewing  Dr.  Peck's 
reports  for  New  York,  1889-90,  writes: 

•*I  have  examined  the  specimens  of  oats  received  from  you,  and  labelled, 
respectively,  from  a  correspondent  in  the  county  of  Oxford;  Mr.  Twedle,  county 
of  Wentworth;  Mr.  Brodie,  Middlesex;  and  from  several  other  farms  in  the 
county  of  Middlesex. 

The  disease  on  all  the  specimens  has  similar  characteristics.  It  appea.r8 
as  a  blighting  of  the  outer  end  of  the  leaf  (but  not  usually  of  every  leaf  of  the 
plant)  and  spreads  along  the  veins  towards  the  stem.  As  the  tissues  die,  the 
color  changes  to  a  yellowish  or  reddish  brown.  I  find  no  mark  in  root,  joint, 
stem  or  leaf  of  the  invariable  presence  of  any  insect.  If  the  affection  were 
due  solely  to  adverse  conditions  of  soil  or  weather,  all  the  leaves,  as  well  as 
the  other  parts  of  the  plant,  might  be  expected  to  t>e  similarly  discolored.  *' 

'•His  description  (referring  to  Peck's  N.  Y.  State  reports)  of  the  affected 
oat  fields  agrees  exactly  with  those  of  your  correspondents.  The  fungus  he 
most  strongly  suspected  at  first  is  present  on  most  of  the  leaves  received  here. 
If  it  is  not  the  cause,  but  only  a  concomitant  of  the  disease,  then  I  should  say 
that  we  have  here  either  a  destructive  bacterium  to  be  put  in  the  class  with,  the 
bacterium  of  pear  blight,  or  a  case  of  the  reduction  of  the  vitality  of  the  oata, 
by  some  climatic  cause,  to  such  an  extent  as  to  permit  the  invasion  of  the  fungi 
observed.  The  problem  is  an  interesting  and  important  one.  It  may  already 
have  been  attacked  and  settled  so  far  as  the  bacteriologist  is  concerned.  If 
so,  I  have  not  heard  the  result. " 
Writing"  later  he  says: 

** Since  reporting  to  you  on  the  specimens  of  blighted  oat-leaves  I  have  had 
the  opportunity  of  visiting  a  number  of  fields.  It  may  be  said  of  all  these  that, 
in  general,  the  stems,  youngest  leaves  and  panicles  are  not  attacked  t>y  the 
blight. 

In  all  the  grass  plants  the  ^-egions  of  most  vigorous  growth  are  at  the  joints 
or  just  above  them,  while  tissues  at  the  leaf-tips,  particularly  of  the  older 
leaves,  have  the  least  vigor.  The  disease  was  limited  to  the  latter  regions  of 
the  oat  plant. 

I  am  of  the  opinion  that  the  blight  made  no  progress  after  a  favorable 
condition  of  the  weather  set  in,  and  that  the  changes  in  the  color  of  the  leaves 
and  the  invasion  by  fungi  occurred  and  continued  in  areas  of  the  leaves  where 
the  protoplasm  had  already  lost  its  usefulness  to  the  plant." 

•Ohio  Agricultural  Report.  1907.  p.  891. 

^Farmer's  Advocate,  London,  Ont..  VoL  XLII,  No.  775,  Av*.  1,  1907.         ^  t 
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The  disease  was  noted  in  Canada  in  1907  as  follows:" 
"BUghting  of  Oats:  In  addition  to  the  above  there  was  a  rather  wide-spread 
iHiijsiological  blight  reported  during  the  summer.  The  trouble  was  mostly  in 
oat  fields  and  specimens  showed  the  upper  parts  of  the  plants  as  yellowing  and 
dying.  Investigation  failed  to  disclose  any  causative  fungi  present.  The 
trouble  was  very  probably  due  to  unfavorable  weather  conditions,  the  root 
'  system  having  been  impaired  by  a  continued  cold  spell  following  an  earlier 
warm  season,  the  plants  were  unable  to  get  proper  nourishment  and  water 
snpply  from  the  ground. " 

What  appears  to  have  been  an  outbreak  of  a  somewhat  similar 
disease,  though  apparently  not  identical,  has  been  described  by 
G.  P.  Clinton'*  as  follows: 

"This  trouble  was  first  seen  at  Portland,  the  second  week  in  June.  During 
June  and  July  it  was  noticed  in  almost  all  the  oat  fields  examined,  and  so 
much  have  considerably  reduced  the  yield.  The  leaves,  especially  the  lower, 
became  a  sickly  yellow,  and  many  finally  died  prematurely.  In  some  respects 
this  trouble  resembled  the  bacterial  disease  that  occasionally  occurs  in  the 
early  summer  in  the  oat  fields  of  the  West;  but  the  leaves  lacked  the  water- 
aoaked  appearance  of  that  disease,  and  on  examination  failed  to  show  any  bac- 
teria present.  The  trouble  apparently  resulted  from  unfavorable  weather  con- 
ditions, possibly  aggravated  by  some  root  disease,  though  the  few  examinations 
made  of  the  roots  failed  to  show  any  suspicious  fungus  at  work  there.  June 
and  July  had  many  heavy  rain  storms  suddenly  followed  by  bright  hot  days, 
and  these  sudden  changes,  as  in  other  cases  already  mentioned,  probably 
caused  the  injury.  The  same  trouble  was  seen  to  a  less  degree  on  a  number  of 
other  grasses,  both  wild  and  cultivated.'' 

EXTRACTS  PROM  LETTERS— 1907. 

The  largfe  number  of  inquiries  to  Farm  Journals  and  letters  to 
the  Experiment  Station  from  farmers  characterize  the  disease  and 
emphasize  its  severity.*    The  following*  extracts  are  typical: 

**Payetteville,  Brown  County,  Ohio,  6-9-'07 
Dear  Sir: 

There  is  something  the  matter  with  the  oat  crop  here  this  season  of  which 
jou  can  see  by  sample  No.  2  sent  you  in  this  mail. 

It  looks  very  much  as  though  some  fields  are  gone  entirely  now .  My  oats 
were  the  earliest  sown  in  this  immediate  vicinity  and  were  the  last  to  be 
attacked  by  this  trouble,  that  is,  a  part  of  the  field  is  turning  red  very  rapidly. 
There  are  many  of  the  green  bug  (aphis)  in  my  field  and  I  was  wondering  if 
tiiey  are  the  cause  of  all  this.  I  am  sending  blades,  both  top  and  bottom  and 
In  all  stag-es  of  color  from  beginning  to  end.    What  is  wrong? 

Bernard  Quinn.** 

''Ashtabula,  Ashtabula  County,  Ohio,  6-14-'07. 
Dear  Sir: 

I  have  been  looking  over  my  oats  this  afternoon  and  find  they  are  looking 
much  better.     Enclosed  please  find  sample  of  oats. 

In  travelling  around  this  part  of  the  country,  I  find  the  most  of  the  oats 
are  damaged  similar  to  mine.    The  damage  is  all  on  the  high  ground. 

C.  J.  Metcalf." 

^"tteport  of  the  Ontario  Affricultoral  College  and  Experimental  Farm,  Dept.  of  Botany,  p.  48,  1907 
^^Connecticut  Asricultural  Experiment  SUtion  Report  1906^  Part  Y,  pp.  316-17. 
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••Camden,  Preble  County,  Ohio,  6-27-»07. 
Dear  Sirs: 

I  am  sending^  under  separate  cover  specimens  of  oats  which  I  wish  you 
would  kindly  examine.  The  oats  in  this  entire  country  are  affected  with  some 
disease  which  causes  the  leaves  to  turn  brown  beginning'  at  the  tips.  Would 
you  please  let  me  know  the  nature  of  the  trouble  and  what  we  may  expect  oi 
this  land  if  it  is  sowed  in  wheat  the  coming  fall? 

D.  W.  McQueen," 

••LeRoy,  Medina  County,  Ohio,  7-8-*07, 
Dear  Sir: 

Will  you  please  tell  us  the  cause  of  the  universal  turning  red  and  dying 
of  the  leaves  on  the  oats,  and  what  the  probable  result  is  going  to  be? 

H.  J.  Freeman." 

**Fredericktown,  Ohio,  7-3- *07. 
Gentlemen: 

The  oats  through  this  county  (Knox)  is  turning  a  reddish  color  of  the 
blades,  and  seems  to  be  dying. 

t  I  examined  the  roots  and  could  distinguish  nothing  on    the   roots    that    I 
thought  was  an  insect,  excepting  on  one  root. 

C,  P.  Braddock." 

EXTRACTS  FROM  LETTERS  1908-9. 

••Ansonia,  Darke  County,  Ohio,  3-7- *09 
Dear  Sir: 

I  would  like  for  you  to  send  me  a  receipt  for  a  dip  to  dip  oats;  when  my 
oats  get  about  six  inches  high  it  commences  to  get  rusty,  and  don't  grow  thrifty, 
and  when  it  heads  it  only  attout  half  fills  the  oats.  It  is  all  affected  the  same 
in  this  country. 

F.  J.  FOLKERTH." 

•»Ansonia,  Ohio,  3-23-'09. 
Dear  Sir: 

What  is  it  that  is  in  the  oats;  is  it  a  smut  or  does  it  come  from  the  cold 
weather?  The  fields  of  oats  get  red  as  fire,  that  is,  the  blades.  Is  there  any- 
thing that  I  could  do  for  it? 

R.  D«  Fields.*' 

♦*Wainwright,  Tuscarawas  County,  Ohio,  3-8-*09. 
Dear  Sir: 

My  oats  are  badly  infested  and  yielded  poorly  the  last  two  years. 

Geo.  Schmitz." 

**Camden,  Preble  County,  Ohio,  2-28-'09. 
Dear  Sir: 

Would  you  kindly  inform  us  as  to  the  advisability  of  spraying  or  rather 
treating  seed  oats  for  blade  blight? 

We  were  badly  infected  with  this  two  years  since  in  Preble  county. 

Dr.  D.  W.  McQueen." 

••Ashland,  Ashland  County,  Ohio»  3-4- '09. 
Dear  Sir. 


li  Kindly  send  me  formula  for  treating  rust  in  oats. 


Palmer  &  Donley." 
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•*Lcip«lc,  Putnam  County,  Ohio,  12-28-'08. 
Dear  Sir: 

We  had  exactly  the  same  disease  on  our  1908  crop  as  we  did  on  our  1907 
crop»  and  I  am  thorou|^hly  convinced  if  we  had  not  ideal  weather  for  oats  crop* 
we  would  not  have  gotten  scarcely  SLuyihing. 

I  have  g^ven  the  subject  very  close  attention  for  the  last  two  years  and  I 
am  thoroughly  convinced  that  it  is  some  disease  on  the  oats  and  not  climatic  or 
weather  conditions. 

G.  O.  Ckuikshank." 

**Fostoria,  Seneca  County,  Ohio,  2-l-'09. 
Dear  Sir: 

Will  yon  please  give  me  directions  for  treating  seed  oats  that  are  affected 
with  rust  or  what  ever  it  is  that  has  caused  the  oats  to  turn  red  before  heading 
out?  Oats  in  this  vicinity  have  not  yielded  more  than  half  a  crop  in  the  last 
two  yea.rs,  owing,  as  most  farmers  believe,  to  this  trouble,  although  the  last 
seaaixi  mras  an  exceptionally  good  one. 

J.  L.  Cruikshank." 

«*Shelby,  Richland  County,  Ohio,  12-28-'06. 
Dear  Sir: 

Will  you  please  send  me  instructions  how  to  treat  oats  for  sowing 
to  prevent  hlight? 

R.  C.    WiNBIGLER." 

**Polk,  Ashland  County,  Ohio,  1-11- '09. 
Dear  Sir: 

C&n  the  Station  give  me  any  information  in  regard  to  the  condition  of  the 
oat  crop  of  last  year,  which  may  be  beneficial  this  year? 

W.  M.  Feloer." 

The  following:  quotations,  taken  from  the  correspondence  of 
Prof.  A.  D.  Selby,  Botanist  and  J.  M.  Van  Hook,  Assistant  Botanist, 
in  answer  to  queries  in  1907,  show  many  observations  which  throw 
mach  ligrht  on  the  oat  blight  disease. 

••Wooster,  Ohio,  6-18-W.  • 
Mr.  C.  J.  Metcalf, 

Ashtabula,  Ohia 
I>ear  Sir: 

This  form  of  oat  blighting  has  been  quite  common  at  the  Station  this 
yesi^r^  especially  on  certain  varieties,  but  is  largely  disappearing  with  better 
weather.      It  does  not  seem  to  be  due  to  either  insect   or    fungus,    but    to  con- 

ditlofis  surrounding  the  plant. 

J.  M.  Van  Hook." 

•'Wooster,  Ohio,  6-28-'07. 
Daoiel  C.  Mayne, 

Miamisburg,  Montgomery  County,  O. 
£>ea.r  Sir: 

We  hare  the  same  trouble  with  oats  on  the  Station  farm  and  have  re- 
ceived specimens  from  many  parts  of  the  state.  We  believe  this  due  to  weather 
a.iid  resulting  soil  conditions  more  than  anything  else.  There  is  more  of  it  than 
I  lia.Te  ever  seen  before  and  many  varieties  on  the  plots  here  will  t>e  badly 
damaged  even  if  it  lets  up  at  once.  With  the  advent  of  continued  warmer 
•w^eatther,  I  look  for  the  trouble  to  diminish,  though  it  made  the  disease  worse 
ait  first.  However,  the  green  bug  or  louse,  is  appearing  in  numbers  in  many 
places  and  may  do  much  damage  unless  we  have  clear  warm  weather. 

J.  M.  Van  Hook." 
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"Wooster,  Ohio,  6-29-'07. 
Mr.  E.  W.  Falcott, 

Kent,  Portage  County,  O. 
Dear  Sir: 

Your  oat  trouble  is  a  general  complaint  this  year.  There  were  trace 
of  it  last  year,  but  nothing  lilte  the  present.  On  our  variety  plots  it  is  ver 
severe.  Some  varieties  are  worse  than  others  and  worse  on  high  ground,  a: 
you  say  is  true  in  your  case.  The  yellowing  of  leaves  up  to  this  time,  at  least 
seems  largely  due  to  bad  weather,  dark  and  cold.  Increased  by  the  suddei 
hot  weather  of  the  last  two  weeks. 

J.  M.  Van  Hook." 

"Wooeter,  Ohio,  6-29.'07. 
Mr.  R.  S.  Sharks, 

Ada,  Hardin  County,  O. 
Dear  Sir: 

This  seems  to  be  due  not  to  any  parasite  but  to  bad  conditions  of  weather 
Evidently  it  has  been  aggravated  very  much  by  the  recent  change  to  hot,  suo 
shiny  weather,  though  such  a  change  will  doubtless  be  for  the  best  as  aocn 
as  the  plants  become  adjusted  to  these  conditions.  In  many  cases  the  crop  ii 
considerably  damaged  already. 

The  green  bug  or  plant  louse  is  appearing  and  is  damaging  oats  quite  ; 
good  deal,  but  here  on  the  Station  farm  parasites  are  developing  rapidly  anc 
killing  these  bugs.     Bright  weather  will  do  much  to  stop  bug  injury. 

J.  M.  Van  Hook.»' 

"Wooster,  Ohio,  7-2-'07. 
Mr.  W.  M.  Cook, 

Canton,  Stark  County,  O. 
Dear  Sir: 

Your  Oats  are  attacked  by  aphides  (lice)  upon  the  leaves  which  punctur 
them  and  then  these  leaves  subsequently  turn  red. 

A,  D.  Selby." 

**Wooster,  Ohio,  7-8-'07. 
Mr.  H.  W.  White, 

Shiloh,  Richland  County,  O, 
Dear  Sir: 

At  the  beginning  of  the  oat  trouble  there  was  a  very  great  abundance  c 
so  called  g^een  bugs  or  aphides  and  the  surface  of  the  leaves  appeared  to  hai 
numerous  punctures  from  them.  Later  with  the  finer  weather  the  parasite 
killed  off  a  large  number  of  the  lice,  but  there  are  still  an  abundance  of  leave 
to  break  down,  which  in  part  lacks  explanation.  Latterly,  however,  the  ne^ 
leaves  formed  are  all  right  and  the  shortage  in  the  crop  from  the  attack  wii 
probably  not  be  excessive, 

A.  D.  Selby." 

"Wooster,  Ohio,  7-12- '07. 
F.  S.  Aten, 

Nevada,  Wyandot  County,  O. 
My  Pear  Sir: 

This  leaf  blight  has  been  under  study  here  for  some  time.  I  first  ob 
sf^rved  it  about  three  weeks  ago  and  associated  with  it  then  were  very  larg 
numbers  of  plant  lice  (greenbugs).    When  the  fine  weather  came  on    the    para 
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sites  killed  off  the  plant  lice  and  since  then  the  leaves  have  kept  dying  in  most 
localities  without  our  being  able  to  explain  just  why  this  kept  up.  Possibly 
the  lice  attacks  had  something  to  do  in  the  beginning,  and  the  turning  to  hot 
weither  some  more.  We  do  not  expect  an  ordinary  oat  crop  and  especially 
with  the  later  sorts.  Early  sorts  ought  to  make  3-4  of  a  crop  here  but  the  later 
KsU  little  more  than  1-2  crop,  I  fear. 

A.  D.  Sblby.'* 

"Woostcr,  O.,  7-22,  1907. 
Mr.  F.  P.  Stump, 

CoDToy,  Van  Wert  Co.,  Ohio. 
Hj  dear  Mr.  Stump: 

Tea  have  doubtless  seen  the  press  bulletin  issued  by  the  Station  with 
respect  to  this  leaf  blight  of  oats.  In  the  beginning  some  four  weeks  ago  the 
crop  of  aphides  (green  bugs)  was  so  great  as  to  be  held  responsible.  Later  on 
the  leaves  continued  to  blight  even  after  the  parasites  had  killed  off  the  plant 
lice.    Possibly  for  physiological  reasons,  the  leaves  continued  to  break  down. 

A.  D.  Selby." 

••Wooster,  O.,  7-22,  1907. 
Mr.  C.  P.  Oferholtzer, 

Hoytsville,  Wood  Co.,  Ohia 
Dear  Sir: 

The  head  of  oats  which  you  send  shows  what  we  call  ^*blast"  and  this 
serioos  blast  is  no  doubt  due  in  part  to  the  leaf  blight  that  has  been  prevailing. 

A.  D.  Sblby." 

The  severity  and  nature  of  the  disease  is  quite  readily  under- 
stood from  the  above  quotations.  Though  worded  differently  and 
emphasized  from  different  standpoints,  yet  it  is  quite  conclusive 
that  the  same  g-eneral  type  of  trouble  was  evident  in  all  cases,  except 
possibly  the  one  reported  from  Connecticut  in  1906.  The  writer 
finds  that  the  disease  differs  greatly  in  its  field  aspects.  Only  under 
the  most  favorable  weather  for  the  spread  and  developement  of  the 
disease,  does  the  trouble  assume  such  pronounced  and  severe  char- 
acteristics as  were  manifested  through  the  central  and  eastern 
states  in  the  season  of  1907.  Under  weather  conditions  more 
conducive  to  the  growth  of  oats,  and  less  suitable  for  the  aggressive 
BLCtion  of  the  parasites,  the  appearance  of  the  trouble  becomes 
entirely  changed;  leaves  which  were  but  partially  infected  and 
which  under  trying  conditions  would  have  turned  brown  in  less 
than  a  week,  under  favorable  conditions  take  on  a  light,  yellowish 
color  and  may  even  assume  later  a  natural  green.  Extensive  obser- 
vations were  made  upon  the  disease  in  the  field  and  under  control 
conditions  in  the  greenhouse,  and  it  is  evident  that  the  disease  mani- 
fests its  presence  by  changes  in  color  varying  from  a  light 
yellowing^  which  apparently  checks  but  little  the  growth  of  the  oats, 
to  a  pronounced  reddening,  which  in  severe  cases  kills  the  blades, 
leaving  only  the  younger  leaves  and  the  central  axis  alive. 
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COMMENTS  UPON  THE  ABOVE  EXTRACTS. 

In  a  review  of  previous  literature  upon  this  oat  blight  it  is 
apparent  that  in  only  one  instance  has  definite  infection  work  been 
carried  on  to  determine  the  cause  of  the  disease,  in  which  case 
Galloway  and  Southworth  find  two  bacteria;  one  of  which,  they 
report,  produces  the  blight  when  inoculated  into  the  oats.  This 
work  as  rei)orted  in  the  above  citation  covered  but  one  phase  in  the 
study  of  the  disease,  and  apparently  required  verification  before  it 
could  be  accepted.  A  fuller  and  more  extensive  report  is  desired 
from  these  workers,  covering  the  several  phases  of  this  disease,  in 
order  that  the  organisms  may  be  limited  and  the  nature  of  the 
disease  more  fully  understood. 

G.  P.  Clinton,  in  the  1906  Report  of  the  Connecticut  Station^ 
stated  that  he  found  no  bacteria  associated  with  the  yellowing  of 
oats  as  prevalent  that  season.  From  his  report  it  would  appear 
that  probably  only  microscopic  examination  was  made.  If  such  was 
the  case  and  no  cultures  were  run,  it  could  yet  have  been  a  bacterial 
disease,  and  the  organisms  easily  missed.  On  the  other  hand, 
cultures  would  quickly  show  whether  bacteria  were  present  or  not. 
He  doubts  whether  the  disease  is  identical  with  the  bacterial  disease 
noted  in  the  western  oat  districts. 

From  a  careful  study  of  Pettit's  work  and  notes  in  Michigan  in 
1907,  (Bui.  251,  Mich.,  March,  1908)  it  appears  rather  clear  to  the 
writer  that  the  oats  in  that  state  were  subject  that  season  to  both 
the  thrips  inj  ury  and  the  bacterial  blight.  His  careful  description 
of  the  field  manifestations,  and  his  illustration.  Fig.  3,  p.  114,  are 
very  typical  of  the  bacterial  blight.  His  illustrations.  Figs.  4  and  S, 
on  the  other  hand  are  very  typical  of  insect  work.  It  is  possible 
that  the  thrips  were  a  means  in  the  distribution  of  the  bacterial 
blight. 

In  reviewing  the  literature  on  the  1890  outbreak  of  oat  blight, 
we  find  Galloway  and  Southworth  note:  "The  disease  (as- 
cribed to  bacteria)  extends  from  New  England  to  Georgia,  and 
from  the  Atlantic  Coast  as  far  west  as  Indiana  and  Illinois.  It  is  not 
present  in  Michigan."  In  notes  upon  the  same  year  (1890),  F.  L. 
Washburn,  writing  in  Bui.  108,  p.  264,  Minn.  Experiment  Station 
April,  1908,  on  the  work  of  Toxoptera  graminum  says:  **In  1890  it 
was  found  in  injurious  numbers  on  wheat  in  Indiana  and  in  certain 
sections  of  that  state  the  oat  crop  was  a  failure  through  its  rav- 
ages." It  is  even  possible  that  the  diseased  condition  of  oats  in 
Indiana  as  noted  by  the  two  different  writers  above  for  1890,  was 
due  to  the  same  causes,  and  resulted  from  the  combined  work  of 
aphides  and  bacteria. 
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The  description  of  the  field  conditions,  given  by  the  others 
quoted,  are  all  apparently  very  similar  to  those  g^iven  by  Galloway 
and  Southworth;  and  although  the  causes  assigned  are,  in  general, 
entirely  at  variance,  the  vsrriter  believes  the  disease  in  each  instance 
is  the  same,  and  due  to  bacteria  as  isolated  by  the  authors  noted 
above;  however,  instead  of  assigning  the  cause  to  one  of  the  organ- 
isms, the  writer  finds  the  disease  to  result  from  a  mutual  relation- 
ship of  the  two  organisms.  That  this  conclusion  is  correct  appears 
evident  from  experiments  carried  on  the  past  two  seasons,  (see  p. 
107  and  following). 

THE  BLIGHT  DISEASE  NOT  RESTRICTED  TO  OATS. 

Among  the  observations  made  by  others  in  the  past  upon  the 
blight  disease,  there  are  several  in  which  are  noted  somewhat 
similar  troubles  upon  wheat',  grasses**,  alfalfa'  and  other  crops' '  ". 
The  writer  has  carried  out  much  preliminary  culture  work  on  the 
several  different  kinds  of  plants  which  have  shown  yellowing  or 
blight  symptoms,  and  although  this  work  has  not  been  supported  by 
extensive  inoculations  as  with  the  oats,  the  evidence  is  sufficient  to 
show  that  the  disease  may  and  does  affect  some  of  the  more  suscept- 
ible varieties  of  other  plants. 

During  March,  April  and  May  of  1909  inoculations  were  made 
in  the  pathologium  on  wheat  (Gry  psy  and  Poole)  and  corn,  on  three 
different  occasions,  covering  periods  of  different  atmospheric  con- 
ditions. In  no  instance  did  either  of  these  varieties  of  wheat  show 
si|:ns  of  infection;  however,  with  the  corn,  during  a  cloudy,  moist 
period,  several  of  the  lesions  spread  quite  rapidly,  from  which  at  a 
distance  of  twelve  inches  from  the  point  of  inoculp.tion,  by  means  of 
plate  cultures,  the  organisms  of  the  disease  were  separated. 

During  the  present  growing  season  (1909)  careful  observations 
have  been  made  on  all  the  varieties  of  wheat,  oats,  barley  and  other 
crops  grown  at  the  Station,  for  the  appearance  of  this  disease.  On 
one  variety  of  wheat,  known  as  Extra  Square  Head,  recently  brought 
here  for  trial,  the  blight  at  a  period  favorable  for  its  development 
showed  quite  extensively.  Cultures  readily  showed  the  specific 
organisms  to  be  present.  Among  the  other  wheat  varieties  not  a 
trace  of  the  disease  could  be  found. 

There  are  on  wheat  and  other  plants  several  different  fungi, 

1  which  in  their  preliminary  attack  bring  about  a  yellowing  that 

I  could,  off  hand,  easily  be  classed  with  the  bacterial  blight  of  oats. 

Mildew  and  rust  on  both  wheat  and  oats  may   cause  yellowing  in 

moist,  cloudy  weather,  which  when  followed  by  hot,  clear,  droughty 

weather,  will  cause  the  blades  to  turn  quite  red. 
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The  leaf-spot  of  alfalfa  when  severe  may  cause  yellowing*.  The 
same  is  true  in  leaves  of  other  plants  aflFected  with  fungous  troubles. 

As  is  noted  elsewhere,  among:  the  oat  varieties  considerable 
difference  is  seen  in  resistance  to  this  disease. 

Among  the  barleys  grown  at  the  Station,  one  variety,  known  as 
Primus,  showed  a  susceptibility  to  the  disease  even  mofe  marked 
than  did  the  Wideawake  variety  among  the  oats.  The  Oderbrucker 
variety  of  barley  also  showed  an  occasional  blade  infected.  These 
observations  were  verified  by  cultures. 

What  appears  to  be  the  same  disease  has  been  observed  on  the 
blue  grasses  and  timothy;  in  these  cases,  however,  instead  of  the 
blades  yellowing,  the  disease  appears  restricted  to  the  culm,  at  head- 
ing time,  causing,  just  above  the  upper  joint,  a  limited  lesion  which 
kills  the  upper  part  of  the  stem  and  causes  the  head  to  dry  up  or 
blight.  This  type  of  injury,  offhand,  appears  similar  to  insect 
work,  but  examination  by  stripping  down  the  sheath,  fails  to  show 
that  insects  are  present,  or  signs  of  boring;  cultures  and  micro- 
examinations  reveal  blight  bacteriaas  the  cause.  These  observations 
have  not  been  followed  up  by  inoculation  work.  Infection  just  above 
the  upper  joint  would  appear  to  be  a  matter  of  spattering"  by  rain 
above  the  sheath,  and  running:  down  between  the  sheath  and  stem 
rather  than  infection  from .  below,  passing  upward  through  the 
vascular  system. 

During  the  growing*  seasons  of  1908  and  1909  considerable 
culture  work  was  done  upon  yellowing  alfalfa,  especially  upon  those 
plants  showing  much  yellowing  and  little  leaf-spot  {Pseudopeziza 
medicaginis).  In  many  instances  the  presence  of  bacteria,  in  the 
stem  and  upper  leaves,  sometimes  in  large  numbers,  showed  con- 
ditions entirely  abnormal.  The  significance  of  these  conditions 
requires  much  further  investigation.  The  writer  is  of  the  opinion, 
that  alfalfa,  on  many  of  our  soils,  has  to  contend  with  certain  bac- 
teria which  are  somewhat  specific  in  their  attack  upon  the  plant. 
Whether  these  bacteria  are  the  same  as  those  which  cause  oat  blig:ht 
or  not,  has  not  been  worked  out;  however,  upon  preliminary  plating* 
they  are  very  similar. 

As  noted  elsewhere  (p.  122)  it  is  probable  that  thebacterial  flora 
has  much  to  do  with  the  health  and  growth  of  certain  crops.  In  this 
respect  alfalfa  may  be  much  more  exacting  than  many  of  our  other 
crops.  Experiments  carried  out  in  the  pathological  g:arden  in  1908 
and  1909,  in  soil  above  the  average  in  fertility,  on  which  were  planted 
red  clover,  alsike  and  alfalfa,  showed  that  the  red  and  alsike  clovers 
produced  an  exqellent  growth,  while  the  alfalfa  was  very  weak  and 
yellow.     Leaf-spot  was  present  on  the  alfalfa,   but  not  to  such  an 
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extent  as  to  account  for  the  weak,  yellow  growth.  An  examination 
of  the  root  systems  showed  the  red  clover  and  alsike  to  be  abundant- 
ly supplied  with  nodules,  while  the  alfalfa  had  none  on  many  plants 
and  very  few  on  any.  Plate  cultures  made  from  leaves  and  stems 
of  the  alfalfa  showed  many  internal  bacteria,  while  the  red  and 
alsike  clovers  showed  no  such  abnormal  condition.  From  such 
evidence  it  seems  probable  that  either  certain  specific  organisms,  or 
the  bacterial  flora  and  its  by-products,  were  not  favorable  to  alfalfa. 
DISTRIBUTION  OF  THE  BACTERIAL  BLIGHT  OF  OATS. 

From  the  literature  quoted  it  is  very  apparent  that  the  disease 
is  of  wide  distribution.  Depending  on  seasonal  conditions  the 
disease  manifests  itself  from  the  Canadian  lake  provinces  on  the 
north,  to  the  gulf  states  on  the  south,  and  from  the  New  England 
and  middle  Atlantic  states  on  the  east,  to  Illinois  and  states  south 
thereof,  on  the  west.  The  writer  is  of  the  opinion  that  not  a  season 
passes  but  the  disease  shows  itself  in  at  least  a  limited  way  in  some 
locality  of  the  area  included  above.  It  requires  but  ten  days  to  two 
weeks  of  favorable  weather  to  bring  about  preliminary  infection. 
The  amount  of  this  infection  apparently  depends  upon  the  height  of 
:)ats,  the  amount  of  spattering,  association  of  insects,  and  the  con- 
tinuance of  cloudy,  humid  weather. 

AMOUNT  OF  LOSSES  OCCASIONED  BY  THE 
BACTERIAL  BLIGHT  OF  OATS. 

It  is  very  di£Scult  to  estimate  the  exact  amount  of  loss  occasioned 
by  an  outbreak  of  fungous  or  insect  trouble,  owing  to  the  fact  that 
several  factors  are  always  at  work.  The  plant  pathologist  is  inclined 
to  emphasize  the  destructive  work  of  fungous  and  bacterial  diseases, 
while  on  the  other  hand  the  entomologist  chiefly  sees  the  work  of 
the  insect.  If  we  are  to  draw  our  conclusions  from  a  general  sum- 
mary of  previous  literature  on  oat  blight  we  can  readily  see  that  the 
losses  have  been  very  large  at  times.  The  seasons  of  1890  and  1907 
as  well  as  1908,  were  the  ones  in  which  the  oat  blight  was  by  far  the 
most  general  and  destructive.  A  comparison  of  the  yields  in  Ohio 
for  these  seasons,  with  the  average  yield  for  the  past  18  years,  shows 
I  shortage  respectively  of  36.7,  24.3  and  14.4  percent,  or  stated  in 
bushels  per  acre,  for  the  above  three  seasons  the  yield  was  respect- 
ively 19.8,  23.7  and  26.8  bushels  as  compared  with  an  average  of  31.3 
bushels  per  acre  for  the  past  18  years.  (See  Table  II,  showing  acre- 
age, yield,  etc.,  from  1890  to  1908  inclusive). 

The  literature  quoted  clearly  points  out  the  losses  as  indicated 
by  field  conditions.  That  these  losses  in  some  localities  have  been 
very  much  in  excess  of  those  in  others  is  evident  from  the  observa- 
tions noted  in  the  correspondence     (See   letters,  pp.    97    to    101). 
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Several  of  the  writers  indicated  the  prevalence  of  the  disease  witi 
much  loss  for  three  seasons  consecutively.  Such  prevalence  of  th^ 
disease  means  that  these  certain  localities  have  been  subject  to  an 
excess  of  rainfall,  cloudiness,  etc.,  furthered  by  the  soil  becoming 
filled  with  the  orgranisms  responsible  for  the  disease. 

TABLE  I:    Showing  oat  acreage,  yield  and  seasonal  conditions 
in  Ohio  from  1890  to  1908  inclusive. 


Year 

Acreage 

Bushels 
produoed 

Yield 
per 
acre 

G«nerala»iditioii  of  growing  season 

♦1890 

059.012 

19.049.033 

19.8 

Season  yery  late,  seedhig  much  delayed  throngii  ex- 
cess rains,  oaUlate,  badlj  bliflrhted. 

1891 

879.463 

26.515.935 

30.1 

(Failed  to  obtain  data.) 

1892 

827.823 

22.541.473 

27.2 

Very  wet  and  unfavorable  for  seedinfir.    July  very 
drouffhty. 

1803 

856.235 

24.537.989 

28.6 

April  and  May  very  wet;  June  and  July  droug-hty . 
oaU  short. 

1891 

1,061.773 

31,001,896 

30.4 

Season  ais  a  whole  very  fayorable,  with  good  promise. 

1896 

1.095.142 

34.013.739 

31.06 

May  favorable  for  acreage .    June  and  July  cnndi tioo 
generally  low. 

1896 

1.262.805 

36,027,464 

28.5 

Very  favorable  season  for  lar^e  acreage.    Growing 
season  good.    Large  oat  crop  is  the  prospect. 

1897 

1,052.605 

30.663.033 

20. 

May  very  wet,  oat  seeding  generally  delayed.  Acre- 
age small.    June  and  July  conditions  fair . 

1808 

976.902 

30.694.432 

31.4 

May  not  favorable  for  large  acreage.    Much  injury 
in  June  on  low  grounds  from  heavy  rains. 

1899 

969.565 

33.296.912 

34.3 

Oat  seeding  rather  late .    Drought  through  June  and 
July,  plants  short,  but  filling  weU. 

1900 

1.251,248 

43.153,677 

34.5 

May  favorable  for  large  acreage,  but  rather  dry  fbr 
good  g  rowth.    J  uly  very  fa  vorable. 

1901 

1.053,876 

33.936.143 

32.1 

Seeding  late,  but  June  quite  favorable,  though  heavy 
rains.   July  favorable. 

1902 

1.188;947 

46.789.843 

39.3 

May  favorable  fur  acreage  and  growth;  Jime con- 
ditions fair;  July  fair  except  on  low  ground,  injury 
from  rains. 

1903 

1.213.228 

37,305,993 

30.7 

May  favorable  for  large    acreage,  but  quite  dry. 
June  conditions  good.    July  conditions  good .   Some 
red  rust. 

1904 

1,467.052 

58,312,740 

39.7 

May  very  favorable  for  seeding.     June  favorable. 
July  favorable. 

1905 

1,449.112 

49,731.954 

34.3 

May  very  wet;  J  une  conditions  fair.    July  oats  doiny 

1906 

1.343.247 

44.179,782 

32.9 

May,  heavy  rains,  seeding  retarded.    June,  dry  and 
not  favorable  for  growth.    J  uly ,  oats  d<^ng  poorly, 
though  slightly  better  than  June. 

19  7 

1.429.792 

33,906,233 

23.7 

Spring  very  wet.  season  late,  odd,  cloudy,  oats  gen 
eraUy  blighted. 

1908 

1.281.806 

34.363.980 

26.8 

May  unfavorable  for  seeding.    J  une  conditions  fav- 
orable.   J  uly  droughty ,  condition  not  good. 

Average  yield  of  oats  for  eighteen  years,  (1890  to  1907)  31.3  bushels  per  acre. 
•  From  the  Ohio  Statistics,  Report  of  the  Secretaries  of  Agriculture. 

Notb:  The  bad  blight  years  for  oats,  viz. .  1800  and  1907  show  respectively  a  reduction  In  yield  of 
17  percent  and  24.3  percent  from  the  average  for  the  past  18  years. 
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THE  OAT  BLIGHT  CAUSED  BY  TWO  SPECIES  OF 
BACTERIA  IN  SYMBIOTIC  RELATION. 

At  the  present  day  it  is  well  known  that  relationships  among: 
organisms  greatly  retard  or  increase  their  virulence,  and  also  the 
possibility  of  disease  production.  Dr.  W.  E.  Musgrave"  empha- 
sizes the  importance  of  symbiosis  existing  among  organisms 
pathogenic  to  animals.  In  reviewing  this  work"  W.  A.  Hooker,  in 
the  Experiment  Station  Record,  writes  as  follows: 

"The  influence  of  symbiosis  upon  the  pathogenicity  of  micro-organisms: 
Bacterial  and  animal  symbiosis  are  discussed  at  length  by  the  author.  Many 
of  the  phenomena  not  now  understood  in  the  etiology  and  pathology  of  disease 
are  said  to  be  due  to  symbiotic  combinations  between  the  micro-organisms. 
Variability  in  the  virulence  of  bacteria  ib  one  of  the  most  marked  features  and 
the  reason  for  this  variability  is  but  partially  understood.  The  author  con- 
claded  that,  'the  most  promising  field  for  laboratory  research  in  the  future  will 
be  the  study  of  cause  and  effect,  in  the  complex  relation  and  interaction  of  micro- 
organisms with  each  other  and  in  their  environment  of  complex  symbiosis  and 
the  ever  changing  and  multiple  conditions  found  in  hosts.'  " 

The  experiments  carried  out  with  the  oat  blight  organisms 
clearly  substantiate  the  statements  made  by  Dr.  Musgrave.     Not 
alone  is  the  production  of  disease  apparently  very  dependent  upon 
the  symbiosis  of  these  two  organisms,  but  it  is  found  also  that  the 
virulence  and  viability  of  the  white  organism  {Psuedomonas  avenae 
n.  sp.)  upon  artificial  culture  media,  depend  greatly  upon  the  associ- 
ation with  the  yellow  organism   {Bacillus  avenae  n.  sp.)  in  mixture. 
The  extent  of  this  interrelation  as  exhibited  in  disease  production  is 
clearly  shown  in  the  illustration,  Plate  I,  in  which  the  two  rows 
at  the  right  were  infected  with  a  mixture  of  the  two  organisms, 
while  the  fourth  and  fifth  rows  from  the  right  were  infected  respec- 
tively with  the  yellow  and  the  white   organism  separately.     Where 
the  mixture  was  applied  the  blight  resulted  in  twelve  days,    but 
where  the  organisms  were   infected   separately  no  typical  blight 
resulted.    The  yellow  organism  produced  no  lesions  at  all  and  the 
white  organism  produced  but  limited   and  non-typical  lesions.     In 
carrying  cultures  through  the  winter  the  writer  had   several  series 
of  cultures  from  different  sources  in  which  in  some  instances  the 
organisms  were  carried  through  separately,  white  in  other  instances 
the  organisms  were  carried  over  as  mixtures.     In  renewing  these 
cultures,  at  the  end  of  a  period  of  nearly  nine   months,  it  was  found 
that  the  white  organism,  where  carried  over  in  pure  culture,  in  several 
cases  failed  to  grow,  but  in  every  instance  where  it  was  carried  over 
in  mixture   with  the  yellow  organism  the  viability  and  virulence  of 
the  former  organism  were    more  marked   than   when  carried  over 
separately. 

"  Philippine  Joar.  of  Sd.,  B.,  Med.  Sci.  3  (1908),  No.  2,  pp.  77-88. 
"Experiment  Station  Record,  Vol.  XX,  No.  8.  p.  788,  1909. 
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DESCRIPTION  OF  PLATE  I. 

Showinff.  in  the  two  rows  at  the  right,  results  of  the  infectioD  with  a  mixture  of  artificial  cultures 
of  the  yellow  and  white  bacteria  {Pseudomonas  avtnae  n.  sp.  and  Bacillus  avenae  n.  sp.)  of  the  brown 
bliffht  of  oats,  inoculated  by  means  oi  a  hypodermic  needle,  twelve  days  prior  to  the  time  of  photograph- 
inar.  The  blades  in  the  infected  row  at  the  right  were  Inoculated  in  the  leaves  about  one  inch  from  the 
tips.  In  the  infected  row,  second  from  the  right,  the  plants  were  inoculated  near  the  base  (rf  the  leaves 
and  also  through  the  stems;  the  infection  in  this  row  greatly  retarded  the  growth  of  the  plants  and 
several  even  succumbed  to  the  disease.  (See  Plate  II  showing  the  condition  of  this  row  as  compared 
with  the  check,  photographed  two  weeks  later).  The  row  at  the  left  of  the  infected  (three  rows  from 
the  right)  is  a  check  row  in  which  the  leaves  were  pricked  with  control  punctures  from  which  no  injury 
or  blight  lesion  resulted.  The  fourth  row  from  the  right  was  inoculated  with  the  yellow  organism^ 
{Bacillus  avenae  n.  sp.)  from,  which  no  lesions  resulted;  the  fifth  row  from  the  right  was  inoculated  with 
the  white  organism  {Pseudomonas  avenae  n.  sp  )  and  the  results  were,  lesions  formed  slowly,  extending 
about  one-half  to  one  inch  from  the  point  of  infection,  then  remained  checked.  The  evidence  of  the 
symbiotic  relationship  existing  between  the  organisms  which  produce  the  blade  blight  of  oats  is  clearly 
brought  out  in  this  experiment.  By  one  eighth. 
3-U-OO.    Original. 
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The  influence  of  mutualism  upon  the  virulence  and  activity  in 
disease  production  became  much  more  noticeable  when  cultures  of 
the  white  and  yellow  organisms,  which  had  been  carried  over  separ- 
ately in  pure  cultures,  were  mixed  and  attempts  were  made  to  infect 
the  oat  plants,  in  which  case  the  infection  was  very  slow  and  required 
more  than  a  week's  difference  in  time  before  the  lesions  became 
active  and  typical,  as  compared  with  those  inoculations  from  cultures 
carried  over  as  mixtures.  In  the  latter  case  the  infection  was  notice- 
ably active  from  the  time  of  inoculation,  clearly  showing"  that  the 
relationship  of  the  yellow  organism  with  the  white  assisted  in  some 
way  in  keeping  up  the  virulence  of  the  latter.  As  stated  above, 
the  white  organism  (^Pseudomonas  avenae  n.  sp.)  when  inoculated 
alone  into  the  oat  plant  produced  limited  lesions,  which  were  much 
lighter  in  color  than  those  produced  when  a  mixture  of  the  organ- 
isms was  used.  In  practically  all  cases  of  separation  of  organisms 
from  diseased  oats  these  two  bacteria  were  found  more  or  less 
abundant,  thus  again  tending  to  show  that  the  disease  is  a  result  of 
a  symbiotic  relation  between  these  organisms. 

OTHER  OBSERVATIONS  WHICH  POINT  TO 
BACTERIA  AS  THE  CAUSE. 

The  outbreak  of  the  blight  on  the  Ohio  Experiment  Station 
grounds  at  Wooster,  in  1908,  caused  very  little  loss,  though  at  one 
time  it  was  quite  threatening.  During  that  season  the  aphides  were 
more  or  less  associated  in  the  spreading  of  the  infection.  One  incident 
pointed  very  clearly  to  the  probability  of  the  trouble  being  bacterial. 
The  Agronomy  Department  carried  out  a  clipping  experiment  on 
oats  to  learn  if  stand  and  yield  could  be  bettered.  At  the  time  of  this 
clipping  the  blight  was  quite  conspicuous.  The  work  of  the  sickle 
in  cutting  through  the  infected  leaves  was  a  means  of  generally 
spreading  the  blight  throughout  the  plots.  In  less  than  two  weeks 
each  of  the  clipped  plots  showed  a  very  marked  contrast  in  the 
amount  of  disease  as  compared  with  the  plots  which  had  not  been 
clipped. 

Further  evidence  was  gathered  the  present  season  (1909)  when 
the  blight  made  its  appearance  with  no  insect  complications.  The 
disease  in  the  majority  of  infected  leaves  began  as  small  yellow  spots 
on  different  parts  of  the  blades.  When  these  points  of  infection 
were  numerous  the  infected  areas  quickly  became  confluent,  and  the 
collapsed  leaf  showed  a  brownish,  mottled  appearance.  Occasionally 
infection  was  observed  which  began  on  the  sheath  near  the  midrib, 
resulting  in  a  light,  yellow  streak  extending  clear  to  the  end  of  the 
blade.     This  streak  later  turned  brown  (see  Plate  Xin). 
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THE  POSSIBILITY  OF  OAT  BLIGHT  FROM  OTHER  CAUSES. 

Insect  relations:    In  a  review  of  literature  bearing  upon  the  oat 
blight  suggestions  are  found,  that  point  to  other  factors  that  may  be 
important  in  causing  blight  diseases  of  oats.      Prominent  among 
these  causes  are  mentioned  insects,  for  examples,  such  as  Macrosi- 
fhum  granaria^  Syphocoryne  avenae^  Toxoptera  graminum^  Anapho^ 
thrips  siriatuSy  Coleotkrips  tri-fasciata  (  Thrips  trt/asctatd)  and  others. 
The  writer  would  find  it  somewhat  out  of  his  line  to  experiment 
with  each  of  these  organisms  as  to  the  type  of  injury  they  would 
produce  on  oats.    However,  in  order  to  obtain  data  on  the  relation- 
ship of  the  grain  aphides  found  prevalent  upon  oats  in  this  vicinity 
during  the  seasons  of  1907,  1908  and  1909,  the  writer  carried  out  a 
number  of  experiments,  all  of  which  show  that  these  grain  lice 
are  not  the  primary  cause  of  .the  blade  blight  of  oats.     Further,  that 
the  type  of  injury  produced   by  them  is  very  characteristic  and 
easily  recognized  from  the  bacterial  blight.  While  the  blight  disease 
was  prevalent  in  1908  (June)  the  writer  gathered  a  number  of  oat 
aphides  feeding  on  blight  infected  plants.  These  insects  were  caged 
with  young  oats  that  showed  no  sign  of  the  blight  disease.     Ten  to 
twelve  days  after  the  caging  the  blight  began  to  show,  while  the 
check  outside  the  cage  remained  free.    It  was  observed  that,  on 
several  of  the  leaves  most  thickly  covered  with  aphides,  no  yellowing 
was  apparent.     Plate  cultures  of  the  yellowing  leaves    showed  the 
blight  bacteria  plentiful,  while  cultures  from  those  blades  on  which 
were  many  insects,  but  which  showed  no  yellowing,  gave,  on  the  con- 
trary, no  blight  organisms.  This  pointed  to  the  probability  that  the 
aphides  were  simply  means  in  distributing  the  disease.     Cultures 
were  then  made  of  live  aphides  to  learn  whether  the  bacteria  were 
surviving  internally  (see  lower  ill.  Plate  V).     It  was  evident  that  the 
bacteria  were  present  in  abundance  within  the  insects  and  likewise 
very  viable.     Inoculations  into  oats  with  a  mixture  of  these  bacteria, 
t^ken  from  aphides,    produced  infection  resulting   in  the   typical 
brown  blight. 

In  order  to  further  investigate  the  relationship  of  aphides  to  this 
bacterial  blight,  more  extensive  experiments  were  planned  and 
carried  out  during  the  months  from  January  to  June  1909.  Oat 
aphides  apparently  free,  that  is,  not  carrrying  the  bacterial  blight, 
were  confined  in  a  cage  on  oats,  from  the  time  when  the  oats  were 
two  weeks  old  until  they  were  two  and  one-half  months  old.  The 
oats  at  the  age  of  four  weeks  were  literally  covered  with  the  aphides 
of  two  different  species.  (See  Plates  in  and  IV  and  their  descrip- 
tions). The  type  of  injury  caused  by  these  insects  came  on  very 
slowly  and  differed  greatly  from  the  bacterial  blight,  infections  of 
which  were  running  simultaneously,  (compare  Plate  IV  with 
Plate  X). 
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DESCRIPTION  OF  PLATE  II. 

Sbowinir  the  effects  of  the  blade  (bacterial)  bliirhr  of  oats  upon  plants  five  weeks  old.  The  row  at 
the  riirht  was  inoculated  when  the  plants  were  one  week  old  (only  two  leavesout)  throuirh  tbesheath  and 
leaves  by  means  of  a  hypodermic  needle  with  a  mixture  of  artificial  cultures  of  the  yellow  and  white 
hacteriaiiPsfudomonas  avenaetLsp,  SLndBact7/usaif€naen.BX>.)oi  oat  bliffht.  Ten  days  alter  tbe 
hioculations  the  leaves  showed  the  typical  prelimmary  s^llowinir  of  the  brown  bliffht.  Check  punc- 
tures were  made  in  the  control  row  at  the  left  with  no  resulting  lesions.  Twelve  days  after  the  row 
was  inoculated,  both  rows  were  caffed  in  and  grain  aphides,  two  species  which  were  free  from,  that  is. 
not  carrying  the  bacterial  disease,  were  placed  on  the  sick  row  to  learn  in  what  time  the  blight  wookl  be 
transferred  by  these  insects  to  the  control  row:  in  two  weeks  the  infections  were  quite  general,  betmr 
carried  by  the  aphides  from  the  sick  row  to  the  check  row.  This  experiment  clearly  shows  the  relatioo- 
«hip  of  grain  lice  to  the  bacterial  blight  of  oats.    By  one-sixth . 

3-264».    Original. 
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PLATE  n. 
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i. 


DESCRIPTION  OF  PLATE  III. 

Showing  cage  containing  oats  on  wliich  two  species  of  grain  aphides  worked  for  2 1-2  months  until 
the  oats  were  literally  covered,  without  producing  the  blade  blight.  (See  illustrations  in  Plate  IV^ 
The  insects  were  apparently  free  from  the  bacteria  which  cause  the  blade  blight  of  oats.  The 
result  of  the  work  of  aphides  on  oats  differs  entirely  from  the  bacterial  blight  (compare  Plate  IV,  Fig. 
3,  showing  aphis  work,  with  Plate  X  showing  bacterial  blight).  At  the  time  the  above  photograph 
was  taken  the  aphides  had  been  at  work  seven  weeks  and  literally  covered  the  oats.  This  experiment 
clearly  shows  that  grain  lice  are  not  the  primarj'  cause  of  the  oat  blight.    By  one-sixth. 

3-26-09.    Original. 
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Further,  to  demonstrate  the  relation  aphides  bear  to  the  spread 
of  the  disease,  an  experiment  was  carried  out  as  follows:  Oats  wel 
along  with  the  bacterial  infection  were  covered  with  aphides  anc 
caged  in,  along  with  a  check  (healthy)  or  non-inoculated  row,  to  lean 
whether  it  were  possible  for  the  insects  to  carry  the  disease  from 
the  sick  plants  to  the  healthy  plants,  and  if  so,  in  what  time.  Thij 
experiment  demonstrated  that  aphides  were  carriers  of  the  disease 
and  the  time  required  for  visible  infection  was  practically  the  samt 
as  from  inoculation  by  hand,  viz.,  seven  to  fourteen  days;  (see  Plate 
n  and  description).  This  again  verified  the  conclusions  reached  it 
1908,  and  showed  that  aphides  are  only  a  secondary  factor  in  the 
spread  of  the  blade  blight. 

The  direct  result  of  aphis-sucking  on  oats  may  be  called  a 
^    blight,  but  of  a  nature  entirely  different  from  the  bacterial  blight 

EXPERIMENTS  TO  DETERMINE  THE  NATURAL 
MEANS  OF  INFECTION. 

The  general  prevalence  of  the  disease  would  suggest  the  proba- 
bility  of  a  trouble  surviving  in  the  soil.  If  such  were  the  case,  one 
would  suspect  infection  to  take  place  through  one  of  two  methods 
viz.,  by  penetration  of  the  roots,  followed  by  a  traversing  of  the 
vascular  system,  finally  working  its  evil  effects  throughout 
the  leaves,  or  by  rains  spattering  the  disease  upon  the  leaves 
and  the  infection  taking  place  through  the  stomata.  Experi- 
ments were  run  to  learn  whether  either  of  these  methods  wouW 
bring  about  infection.  Following  the  first  method,  virulent,  artificia 
cultures  of  a  mixture  of  both  organisms  were  poured  directly  upoc 
the  root  system,  the  latter  being  partially  uncovered.  No  infectioE 
took  place,  though  the  atmospheric  conditions  maintained  were  the 
most  favorable.  Seed  thoroughly  soaked  in  mixed  cultures  of  the 
organisms  previous  to  planting  failed  upon  growing,  to  show  anj 
blight. 

Following  the  second  method  the  writer  took  similar  cultures 
and  sprayed  upon  the  blades.    Infection  followed  within  twelve  days, 
identically  of  the  same  type  as  observed  in  fields,  thus  showing  thai 
\:  stomatic  infection  is  possible,  and  probably  the  chief  way;  the  dis- 

I  ease  being  spattered  on  by  rains.     These  experiments  were  carried 

I  out  in  the  pathologium  in  March  and  April,  1909.     In  1908  similar 

i  spraying  infections  were  carried  out,  with  this  difference,  that  one 

series  of  leaves  were  slightly  bruised    previous  to  spraying.  .  The 
results  were  that  the  leaves  previously  bruised  took  the  infection 
much  more  readily  than  did  the  unbruised,   though  the  disease  was 
r'  present  on  both.  This  would  suggest  that  heavy,  beating  rains  which 

^  cause  light  bruises  on  the  foliage  might  be  a  means  of  bringing  on 

active  infection. 
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Secondary  infection  by  insects  proved  a  further  means  in  the 
distribution  of  the  disease,  as  noted  elsewhere.  It  was  thought 
possible  that  the  disease  might  be  related  to  the  apple  blight  and  that 
probably  aphides  were  carrying  it  back  and  forth,  as  it  has  been 
noted  that  Macrosiphum  g^ranafia  and  Syfhocoryne  avenae^^  pass  part 
of  their  existence  on  the  apple.  The  writer  gathered  twigs  of  apple 
affected  with  blight  and  numerous  twigs  covered  with  aphis  eggs, 
and  bred  the  insects  from  the  latter  in  cages  containing  oats.  In 
two  series  of  experiments  along  these  lines,  the  insects  on  hatching 
failed  to  transfer  themselves  to  the  oats,  though  several  generations 
were  produced  on  the  sprouting  apple  twigs.  These  experiments 
would  seem  to  indicate  that  the  eggs  found  so  prevalent  on  the  apple 
m  1908-09  were  not  those  of  Macrosifhum  granaria  or  Syphocoryne 
avenae^  but  probably  Aphis  malt.  (See  Figs.  1-2-3,  Plate  XV). 
Cultures  made  of  the  apple  and  pear  blight  organism  showed  it  to  be 
entirely  different  from  the  white  organism,  Ps.  avenaen.  sp.,  of  oat 
blight. 

THE  BLIGHT  OP  OATS  IN  ITS  RELATION  TO 
ATMOSPHERIC  CONDITIONS. 

The  disease  in  its  relation  to  weather  conditions  is  vdry  similar 
to  that  of  the  late  blight  of  potatoes",  and  the  blight  of  pear  and 
apple.  The  former  is  known  to  be  a  disease  prevalent  during  those 
seasons  when  much  rain,  cloudiness,  and  wet,  muggy  weather  pre- 
vail. Every  plant  disease  may  be  said  to  have  its  certain  favorable 
meteorological  conditions.  Whetzel*',  writing  on  the  bacterial 
canker  of  apple,  states: 

*'It  it  well  known  that  the  ''blig-ht"  in  the  twig-s  of  pear  and  apple  trees  it 
more  active  and  severe  during^  a  continued  period  of  warm,  muggy  weather. 
The  same  is  to  be  said  of  the  cankers  on  the  limbs  and  bodies  of  the  trees.  It 
was  repeatedly  noticed  during-  the  past  season  that  the  active  spread  of  the 
cankers  was  coincident  with  certain  periods  of  rainy  weather.  The  progress 
of  the  disease  through  the  bark  is  always  abruptly  checked  on  the  appearance 
of  bright,  sunny  days.  The  recurrence  of  favorable  weather  may  often  cause  a 
renewal  of  activity,  the  canker  spreading  and  increasing  its  former  extent.'* 

From  observations  of  field  conditions  and  control  experiments 
in  the  pathologium,  the  writer  is  convinced  that  the  chief  factors  in 
the  spread  and  production  of  the  blight  disease  of  oats  are  rains, 
excess  of  humidity  and  cloudiness.  Excess  of  these  conditions 
reduces  the  vitality  of  the  oat  plant  and  leaves  it  undoubtedly  much 
more  susceptible  to  the  disease.  Primary  infection  is  chiefly 
stomatic,  resulting  from  the  spattering  of  the  organisms  upon  the 
blades  by  the  rain.     Following  such  means  of  infection  it  would  be 

»  A.  D.  Selby,  Ohio  NaturaUst,  Vol.  VII,  No.  4,  pp.  79-85, 1907. 

^•TbeBligrhtCanker  of  Apple  Trees  byH.H.  Wlietzel,  February,  1906,  Bulletin  296,  CorneU 
UniTersity  Experiment  Station. 
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logical  to  expect  the  most  rapid  spread  of  the  disease  during  periods 
of  rainy,  cloudy  weather.  Control  experiments,  in  which  the  air  was 
kept  nearly  saturated  and  plants  well  watered,  readily  showed  that 
these  were  the  conditions  most  favorable  for  the  aggressive  growth 
and  spread  of  the  disease.  Under  such  conditions  the  amount  of 
infection  following  inoculation  was  nearly  100  percent.  On  the  other 
hand,  under  experiments  in  which  the  air  was  kept  dry,  the  plants 
sub-watered,  and  in  which  the  sun  was  bright,  the  disease  was 
quickly  checked  and  the  plants  quite  readily  outgrew  the  injury. 
The  percent  of  infection  following  inoculation  under  such  conditions 
was  very  small. 

The  writer,  in  carrying  out  experiments  under  Prof.  Bolley,  oi 
the  North  Dakota  Experiment  Station^^in  the  study  of  the  ascension 
of  sap  in  tree  medication,  observed  that,  on  days  of  much  sunshine 
and  little  moisture  in  the  atmosphere,  the  ascension  of  sap  and  the 
capability  of  the  tree  to  feed  were  excessive,  as  compared  with  those 
days  when  the  atmosphere  was  nearly  saturated  and  the  sky  heavily 
hung  with  clouds.  In  the  latter  case  it  was  observed  that  often  the 
tree,  instead  of  being  capable  of  feeding,  actually  had  an  outward  or 
back  pressure  which  could  be  compared  to  the  spring  flow  of  sap  dur- 
ing sugar  harvest.  It  is  believed  by  the  writer  that  this  stagnation  ol 
the  sap  within  plants  during  moist,  cloudy  weather  offers  to  certain 
specific  organisms  a  medium  very  suitable  for  their  growth,  while 
on  the  other  hand,  the  plant  under  such  conditions  is  prohibited 
from  producing  protective  enzymes  which  are  more  or  less  capable 
of  destroying  or  preventing  the  invasion  of  bacterial  parasites.  A 
cold  or  cool  atmosphere,  other  conditions  being  practically  equal,  is 
more  favorable  for  the  spread  of  the  bacterial  lesions,  than  is  a 
warm  atmosphere.  This  was  clearly  proved  by  experiments  run- 
ning simultaneously  under  cool  and  warm  conditions  in  the  patholog- 
ium  during  February  and  March,  1909.  These  experiments  were 
duplicated  with  similar  results.  In  the  cool  room,  which  was  direct- 
ly connected  with  the  warm  apartment  (the  temperature  ixi  the 
latter  being  maintained  by  artificial  heat)  the  lesions  spread  with 
much  more  rapidity  than  those  in  the  plants  under  warm  conditions. 
This  would  appear  to  be  the  prevailing  condition  in  1907  (see 
Table  II,  p.  121). 

In  the  case  of  the  oat  blight,  should  the  disease  reach  the  stage 
in  which  the  leaves  are  generally  yellowed,  and  following  which,  the 
weather  suddenly  changes  from  a  cloudy,  moist  condition  to  that  of 
bright  sunshine  with  quick  drying,  the  extent  of  the  injury  becomes 
greatly  aggravated.  The  majority  of  infected  leaves  quickly  take 
on  a  brown  color  and  entirely  collapse. 

80  Fourteenth  Annual  Report  of  the  N.  Dak.  ARric.  Exp*t.  Sta.  for  1903   pp.  66- 68. 
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The  data  summamed  in  Table  n,  pp.  119-121,  show  the  meteoro- 
logrical  conditions  for  the  years  1890  to  1909  inclusive.  By  a  glance  at 
this  table,  the  season  of  1907  (the  year  of  g^eneral  oat  blight),  is  to  be 
rioted  as  very  abnormal  throughout  the  growing  period  in  April, 
May,  June  and  July.  The  temperature  for  these  months  ranged 
respectively  7.2,  6.8,  4.0  and  1.3  degrees  below  the  average  normal. 
The  general  cloudiness  was  very  excessive.  These  two  factors, 
tog-ether  with  the  prevailing  wet  spring,  were  ideal  for  the  activity 
of  the  bacterial  blight.  That  low  temperature  is  not  the  chief 
factor  in  blight  production  is  evident  when  we  compare  the  growing 
season  of  1890  with  that  of  1907,  in  which  former  year  the  blight 
w^s  much  more  severe.  The  temperature  variations  in  1890  for  the 
months  of  April,  May,  June  and  July  were  +1.5,  — 1.4,  +3.8  and 
— 6.2  respectively,  from  the  normal.  The  month  of  June,  the  time 
when  the  greatest  blight  distribution  and  injury  take  place,  shows 
a  higrh  average  temperature. 

7AJBL.B  II:     Showing  the  variations  in  mean   temperature   and  rainfall  in  Ohio  for 
the  months  of  April,  May,  June  and  July  from  1890  to  1909  inclusive. 
Also  number  of  cloudy  and  partly   cloudy  and   rainy 
days  for  the  same  period. 


1890 


1801 


Temp. 
rariatioQ 

from 
tnormal 


April. 
May.. 
Jane.. 
Jaiy.. 


+15 
-1.4 
+3.8 
-0.2 


Precipi- 
tation 
variation 

from 
tnormal 


+  .08 
-11.25 
+  .05 
-1.38 


Cloudy 
days 
Total 

Partial 


18.5 
8.8 


10.9 


18.8 
14.2 


13.2 
10.3 


Rainy 

days 

Total  + 

traces 


Temp, 
▼ariation 

from 
tnormal 


•12+2 
17+2 
15 

7+2 


+2 
-1 
+2 
-4 


Precipl- 

tation 

variation 

from 
tnormal 


-0.57 
-1.84 
+0.85 
+0.41 


Cloudy 

days 

Total 

ParUal 


18 
9 

19 
10 

17 
12 

15 
10 


Rainy 

days 

Total  + 

traces 


•12+3 
11+2 

15+1 
ll+l 


April- 
May.. 
Jnne.. 
Jaly  .. 


1892 

1893 

-1 

+0.66 

22 
11 

14+3 

+0.6 

+329 

25 
10 

-1 

+2.00 

25 
11 

17+2 

-13 

+0.37 

25 
11 

+3 

+1.42 

21 
13 

19+3 

+0.7 

-074 

21 
15 

N 

+0.37 

16 
12 

10+3 

+1.6 

-0.88 

16 
13 

18+3 

12+3 

14+1 

9 


♦  I>ata  in  these  columns  taken  at  Wooster*  Wayne  County,  O.    The  other  data  is  the  averajre 
jom  all  other  weather  stations  of  the  state. 
t  See  bottom,  p.  121. 
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TABLE  II:    Continued. 


1894 


Temp, 
variation 

from 
tnormal 


Precipl. 

tatkm 

▼ariatioD 

from 
tnormal 


Ckmdy 

dajt 

Total 

PartUl 


Rainy 

days 

Total  + 

Traces 


1885 


T«imp. 
variation 

from 
tnormal 


Precipi. 

tation 

variation 

from 
tnormal 


Cloudy 

days 

Total 

ParUal 


April. 
May.. 
Jane.. 
July .. 


-ro.e 

+0.4 
+1.2 
+1.3 


-0.71 
-0.65 
-1.33 
-1  06 


19 

8 


12 

15 
12 

14 
12 


♦12+4 
18+3 

6+2 


+1.6 
+1.3 
+1.7 
-1.2 


-0.85 
-4.84 
-1.40 
-1.12 


19 
11 

18 
11 

15 

10 

24 
14 


1896 


18B7 


AprU. 
May.. 
June.. 
July.. 


-1-6.3 
+7.5 
-0.7 
+0.3 


-0.16 
-165 
+0.87 
+4.63 


20 
10 

19 
13 

20 
15 

11 
12 


11+3 
15+3 
17+2 


-1.2 

+0.30 

11 
10 

-3.9 

+0.05 

20 
12 

-2.0 

-0.97 

17 
13 

+2.4 

+1.09 

19 
14 

April 
May. 
June. 
July. 


1898 

1800 

-3.0 

-060 

18 
9 

9+4 

+2.2 

-1.68 

21 
12 

+1. 

+0.12 

21 
11 

14+3 

+2.4 

+0.69 

28 
17 

+1.5 

-0.90 

13 
10 

6+4 

+1.2 

-0.56 

12 

8 

+2.8 

-1-0.40 

16 
12 

9+7 

+0.2 

+0.22 

18 
12 

April. 
May.. 
June.. 
July.. 


1900 


+05 
+1.9 
-0.5 
+04 


-1.01 
-1.07 
-0.42 
+0.73 


16 

8 


18 
11 


18 
11 


16 
12 


8+3 
8-H3 
12+4 
9+3 


1901 


-3.8 
-1.8 
+0.7 

+4.4 


+0.48 
+0.38 
+0.87 
-1.25 


20 
5 


21 
11 


18 
13 


12 
10 


April. 
Mar.. 
June.. 
July.. 


1902 

1903 

-2.2 

-0.68 

20 
9 

10+5 

0.0 

+1.26 

19 

7 

+17 

-0-48 

17 
11 

7+4 

-2.4 

-0.72 

14 
9 

-3  3 

+395 

19 
12 

14+6 

-5.3 

+0.11 

21 
11 

+0.2 

+0.78 

15 
11 

12-^1 

-0.9 

-0.08 

15       , 

12       1 

•Seebottom,  p.  119. 


t  See  bottom,  p.  121, 
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TABLE  II:    Concluded. 


1904 


Temp, 
▼aiiatjoa 

from 
tnormal 


Pradpi- 

tatko 

▼ariatkia 

from 
fnormal 


Cloady 

dajs 

Total 

Partial 


Rainy 

days 

TotalH- 

Traoes 


1906 


Temp 
▼ariatioa 

from 
tnormal 


Precipi 
tatkm 

variation 
.from 

tnormal 


Cloudy 

days 

Total 

ParUal 


Rainy 
days 
ToUI 
Trace 


April. 
May.. 

June.. 
July.. 


-54 
-05 
-16 
-2  6 


-H).66 
40.16 
-1.06 


8 
19 


17 
10 


16 
11 


•15+4 
14+5 
10+5 
10+4 


-1.4 
-06 
-1.9 
-0.8 


+0  35 
+2.06 
+0  75 
+0  09 


19 


19 
10 

17 
9 

19 
12 


•l(H-5 
15+2 
11+3 
12+4 


1906 

+2.3 

-0.96 

16 
8 

+0.1 

-1.46 

18 
10 

+0.1 

-0.53 

18 
12 

-1.8 

+1.17 

17 
11 

1907 


ApHl. 
May.. 
Jane.. 
July... 


8-1-3 

9+2 

8+5 

15+2 


-7  2 

-001 

22 

7 

■6.8 

-0.20 

20 
10 

-4.0 

+0.81 

17 
9 

-1.3 

+1.40 

18 
13 

14+3 
12+3 
15+2 
15+4 


1906 


1900 


April. 
May.. 
June.. 
July  ., 


+1.4 
+1.4 
-01 
+0.1 


+0.82 
+1.22 
-132 
-0.02 


18 

7 


12 


13 
10 


16 
11 


13+3 
15+6 
10+3 
13+4 


-0.4 
-2.4 


+1.3 
+1.1 
+1.9 


21 
U 

19 
10 

20 
12 


12+3 
12+3 
17+0 


*  See  bottom,  p.  119. 

Temp.  Rainfall 
1 1906 Normals:    April 49.6       287 

May  61.4       350 

June  693       3  84 

Jnly  73  8       4.1 

RELATION  OF  SOIL  AND  FERTILITY  TO  THE  OAT  BLIGHT. 

As  noted  in  the  literature  quoted  fsee  pp.  92,  93)  it  is  quite 
apparent  that  the  type  of  soil  and  the  condition  of  its  fertility  have 
little  restraint  upon  checking*  the  distribution  of  the  disease;  by  this 
it  is  not  intended  to  convey  the  idea  that  well-drained  and  fertilized 
fields  do  not,  under  blight  conditions,  yield  more  and  withstand  the 
evil  effects  of  the  disease  better  than  do  poorly  drained  and  run- 
down soils.  The  facts  are  that  the  disease  is  prevalent  in  well  drain- 
ed and  rich  soils  as  well  as  on  poor  and  ill-drained  soils;  but  the 
density  of  growth  of  the  plants  on  the  better  soils  tends  to  prevent 
spattering;  vigorous  plants  resist  the  rapid  spread  of  the 
lesions  when  infection  does  take  place,  and  finally  recover  more 
quickly  from   the  disease,  than  plants  of  lower  vitality  on  weak 
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irained  soil.  Observations  would  seem  to  point  to  the 
hat  the  bacteria  which  cause  oat  blight  are  probably 
persistent  soil  organisms.  If  such  is  the  case,  it  again 
he  need  of  a  much  greater  knowledge  of  the  bacterial 
r  within  the  soil,  how  it  may  be  changed,  and  the  influ- 
nal  products  upon  fertility  and  growth.  It  is  even  pos- 
iring  seasons  of  excess  of  rain,  humidity  and  cloudiness 
flora  so  differs,  from  the  normal,  as  to  bring  about 
,  changes  in  the  soil  solutions.  In  other  words,  may  not 
e  troubles  which  are  now  spoken  of  as  physiological,  be 
aental  products  thrown  off  in  the  soil  solution  by  a 
s  bacterial  flora,  this  change  of  flora  being  the  result 
hat  lengthy,  abnormal,  meteorological  period.  The 
he  opinion  that  detrimental  soil  products  result  more 
m  the  work  of  the  bacterial  and  fungous  flora  of  the  soil 
e  excretions  of  higher  plants. 
BILITY  OF  THE  TROUBLE  BEING  PHYSIOLOGICAL. 

:ht  occurring  as  it  does  in  seasons  which  are  somewhat 
>uld  suggest  the  possibility  of  the  whole  trouble  being 
i  spoken  of  as  physiological.     Its  appearance  in  unusual 

1907,  in  which  the  rainfall  was  in  excess,  the  tempera- 
vhole  extremely  low,  with  now  and  then  a  bright,  hot 
as  a  rule  cloudy  weather  prevailed,  would  suggest  the 
lat  these  unusual  weather  conditions  brought  about  an 

unsuitable  for  the  oat  crop,  resulting  in  the  peculiar 
d  later  in  the  collapse,  so  characteristic  of  the  blight, 
suggest  a  trouble  similar  to  the  tip  reddening,  which 
ught  about  by  a  water-logged  soil,  or  an  improperly 
system.  The  writer  carried  out  two  experiments  in 
btaining  data  along  these  lines.  These  experiments 
lultaneously,  one  under  cold  or  cool  conditions,  while 
as  run  under  warm  conditions.  In  both,  the  oats,  as 
econd  blade  showed,  were  kept  excessively  watered  and 
jach  bed  bacteria  of  the  oat  blight  were  placed  on  the 
results  were  quite  different  in  the  two  experiments. 
>t  in  the  warm  house  and  excessively  watered  showed  a 
eddening  or  blight  from  which  no  blight  bacteria  could 
this  condition  was  equal  on  those  infected  at  roots  and 
ected.  In  the  oats  growing  under  cold  temperature, 
this  tip  reddening  could  be  found;  and  what  did  show, 
I  bacteria  when  cultured.  This  tip  reddening  from 
ter  and  non-aeration  of  soil,  may  often   be  observed  in 
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fields  where  much  water  has  stood.  It  differs  so  greoily  from  the 
bacterial  blig:ht  as  to  be  quite  easily  distingruished.  That  this  general 
(bacterial)  blig-ht  is  not  due  physiologrically  to  non-aeration  of  the  soil 
is  readily  seen  by  the  conditions  prevailing  in  the  fields.  As  a  rule 
the  blight  makes  its  appearance  first  on  the  higher  grounds  as  ob- 
served by  the  writer  in  1908  and  1909.  Van  Hook  made  similar  ob_ 
servations  in  1907  (see  p.  100)  and  also  C.  J.  Metcalf  (see  extract 
from  letter,  p.  97). 

If  lack  of  drainage  was  the  chief  factor,  the  lower  areas  should 
first  show  the  blight. 

It  is  well  known  that  excessively  low  temperatures  will  bring 
about  abnormal  coloration  of  leaves;  such  discolorations  are  every- 
where present  following  the  first  few  cold  days  of  fall. 
The  extremely  low  average  temperatures  prevailing  throughout  the 
growing  season  of  1907  were  thought  to  have  had  much  to  do  in 
bringing  on  the  unusual  blight  of  oats  that  season.  That  such  a 
conclusion  based  upon  this  as  the  chief  factor  will  hardly  hold,  we 
discover,  when  we  compare  the  temperature  of  the  growing  season 
of  1890  with  that  of  1907,  in  which  former  year  the  blight  was  much 
more  severe.  The  data  here  follow,  +  =  above,  and  —  =  below 
normal  average: 

April  May  June  July 

1890 +1.5  —1.4  +3.8  —0.2 

1907 —7.2  —6.8  —4.0  —1.3 

Since  the  appearance  of  blight  in  its  severity  is  generally  a  mat- 
ter of  the  weather  conditions  prevailing  throughout  the  month  of 
June,  we  can  here  readily  see  that  the  greatest  blight  season  followed 
under  average  high  temperatures. 

BLIGHTS  PROM  HELMINTHOSPORIUM  SPECIES. 

Very  often  young  oat  plants  show  lesions  of  a  brownish  purple 
color,  which  are  due  to  a  Helminthosporium  sp.,  or  probably  two  dif- 
ferent species.  The  first  of  these  appears  on  seedlings,  at  the  time 
when  the  plantlets  have  only  two  or  three  blades  (see  Fig.  1,  Plate 
Xn).  This  trouble  in  certain  seasons  affects  many  of  the  seedlings, 
sometimes  as  high  as  16  percent  (see  note  in  description  opposite 
Plate  xn),  causing  a  limited  injury.  The  second  Helminthospor- 
ium blighting  is  really  only  a  spotting  of  the  oat  blades  at  the  time 
when  plants  are  six  inches  to  20  inches  high.  The  spots  are  usually 
X  to  Ji  inches  long  and  >6  to  ^  inches  wide.  Such  spots  cause 
littleor  no  injury  to  the  plants,  and  may  be  passed  by  with  little 
concern  (see  Figs.  2  and  3,  Plate  XII). 
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DESCRIPTION  OP  PLATE  IV. 

SbowiiLff  in  the  illustration  at  the  left  and  center  two  species  of  ffrain  aphides  at  woric  onoats, 

at  tLo  rig-ht  is  shown  the  type  of  injury  resulting  from  aphis  sucking;  this  injury  differs  entirely  from 

the  brown  bacterial  blight.    The  aphides  here  shown  are  free  from,  that  is,  not  carrying,  the  bacteria 

-which  produce  iht  blig-ht  of  oats.    The  oat  blades  here  illustrated  were  taken  from  the  cage  shown  in 

^  Plate  III  at  the  time  when  the  plants  were  seven  weeks  old.    Enlarged  four  diameters. 

3-2&4)9.    OriffhiaL 
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PLATE  IV. 
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DESCRIPTION  OP  PLATE  V. 

L  Showing  colonies  of  the  bacteria  of  oat  bliffht  taken  directly  from  a  yellowed  oat  blade,  culture 
three  days  on  nutrient  glucose  agar.  The  colonies  are  too  much  crowded  to  make  furtbo*  growth.  A 
mixture  of  these onranisms  when  inoculated  into  oats  produced  the  blade  blight. 

2.  Showing  colonies  of  the  bacteria  of  oat  bliffht  taken  directly  from  a  liye  aphis.  Mixtures  of 
these  organisms  wlien  inoculated  into  oats  gave  the  typical  blade  bligrht,  thus  showing  that  the  grain 
lice  carry  at  times  viable  organisms  of  the  oat  blight*  Cultures  three  days  old  on  nutrient  glucose 
affar.    Both  plates  by  seven-eighths. 

6-l(M)6.    7-134)6.    Oriffhial. 
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1. 


PLATE  V. 
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DESCRIPTION  OV  PLATE  VI. 

1.  Sbowioff  a  plate  culture  of  the  white  bacterium  (Psemdomofun  avtnat  n.  sp.)  of  oat  bliirht  on 
nutrient  fflucoee  agar,  .5  percent  acid  to  phenolphthalein.  in  moist  chamber  six  dajrs  at  20**  C.  The 
ffrasrinff  or  foffffin^  of  this  medium  is  characteristic  The  spreadinff  of  the  colonies  at  the  bottom  of  the 
plate  is    likewise  characteristic 

2.  Showing  a  plate  culture  of  the  yellow  bacterium  (BocUImm  avenae  n.  sp . )  of  oat  blight  on  n  ut 
rient  glucose  agar,  .5  percent  acid  to  phenolphthalein,  in  moist  chamber  four  days  at  90"  C .  The- 
srellow  pigment  in  this  organism  becomes  more  or  less  pronounced  as  the  medium  is  changed  from 
alkalinity  to  acidity.    Both  plates  by  four-filths. 

^■224)0.    3-20^.    OriginaU 
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2. 
PLATE  VI. 
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Nematodes  occasionally  cause  a  yellowing  in  seedlings  of  oats 
followed  by  a  dying,  through  their  destruction  of  the  stem  or  root 
one-half  to  one  inch  below  the  soil.  Each  of  these  oat  troubles  may  be 
easily  distinguished  from  the  bacterial  blade  blight. 

KINDS  OP  INJURY  RESULTING  TO  OATS  FROM 
THE  BACTERIAL  BLIGHT. 

The  different  manifestations  of  the  disease  depend  much  upon 
the  age  and  the  part  of  the  plant  attacked.  Observations  and  experi- 
ments macie  by  the  writer  tend  to  show  that  the  disease  is  most 
specific  on  the  parts  of  the  plant  above  ground.  In  the  infection 
work  carried  out  in  the  pathologium,  the  writer  failed  to  produce 
the  disease  by  placing  the  organisms  on  the  roots.  Observations  in 
the  field,  though  not  fully  substantiating  the  results  of  these  experi- 
ments show  however,  that  among  seedling  plants,  but  few  become 
infected  by  way  of  root,  or  that  portion  of  the  stem  which  is  under- 
ground. In  plants  beyond  the  seedling  stage  it  is  quite  common  to 
find  the  yellowing  lesions  following  the  stem  and  extending  to  the 
very  tips  of  the  leaves,  sometimes  affecting  only  one  side  of  the 
blades,  and  again  yellowing  the  middle  or  the  whole  of  the  blades 
(see  Plate  XO).  Just  where  these  lesions  begin  is  sometimes  diffi- 
cult to  tell;  often  they  are  found  beginning  on  the  culm,  but  more 
often  they  originate  in  the  blade  and  work  backwards  to  the  stem. 
There  is  no  doubt,  however,  that  the  disease  does  at  times  start  in 
the  roots,  or  that  part  of  the  stem  in  contact  with  the  soil.  In  older 
plants  it  is  quite  common  to  find  the  whole  plant  showing  a  general 
collapse  of  the  foliage,  resulting  from  the  disease  working  back- 
wards into  the  stem  from  an  early  infection  of  the  lower  leaves.  In 
many  cases  of  this  kind  collapse  of  the  upper  leaf-tips  may  occur 
when  bacteria  are  not  present  in  them;  they  are,  however,  present 
in  the  lower  leaves  and  lower  culms.  The  usual  appearance  of  the 
disease  is  that  of  a  primary  yellowing  of  the  blades,  which  sooner  or 
later  is  changed  to  a  mottled  red  and  brown.  This  latter  coloring 
results  as  the  leaves  collapse.  Sometimes  this  latter  stage,  in  ex- 
treme cases,  gives  the  field  the  appearance  of  a  severe  attack  of 
rust,  described  by  correspondents  in  the  phrase  "as  red  as  fire.'* 

This  bacterial  blight  disease  is  one  of  the  causes  of  blast 
in  oats.  The  following  data  show  how  directly  proportional 
is  the  blast  of  oats  to  the  amount  of  blade  blight.  These 
counts  were  made  during  the  season  of  1909,  upon  the  several  varie- 
ties of  oats  and  barleys  under  varying  amounts  of  blight,  in  the 
variety  plots  at  the  central  farm  of  the  Station  at  Wooster. 
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Variety 

Amount  of  blade  bli^bt 

Percent  of 

kernels 

blasted 

in  the 

head 

Percent  of 

sound 

kernels 

in  the 

head 

Yield 
pa- 
acre 
1909 

Improred  Anu  Oats 

Average  condition— little  blifphted 

17.2 

82.8 

73  51 

Wide  Awake  OaU 

ATera^  conditioo-omsiderably  blighted 

3S.8 

642 

55  42 

Wide  Awake  OaU 

Where  little  blighted 

12.8 

87.2 

Wide  Awake  Oats 

Where  quite  extensively  Uighted 

77.5 



Wide  Awake  OaU 

Where  badly  blighted 

60.6 

.49.4 

Oderbrucker  Barfey 

Av.  condition— Very  little  blighted 

61 

03-9 

37.81 

Prinoess  Barley 

Av.  cunditioQ—Noticeabte  though  not  bad 

28.8 

71.2 

24.64 

Primus  Barley 

Ay.  conditkin— Bad.  generaUy  blighted 

70.8 

29.2 

9.01 

Observations  this  season  (1909)  supported  by  culture  work, 
show  that  the  heads  may  be  partly  or  wholly  blasted  by  lesions 
coming  in  contact  with  them.  These  lesions  often  begin  on  the  flag" 
leaf  and  work  downward,  aflfecting  the  head  differently,  according  to 
its  maturity  (see  Plate  XIV),  that  is,  heads  entirely  covered  in  sick 
sheaths  are  so  blasted  that  they  fail  to  push  out  at  all;  others  which 
are  just  ready  to  push  out  at  the  time  when  the  sheaths  become 
affected,  will  show  more  or  less  blasted  kernels.  Often  the  head  is 
halfway  out  before  any  part  of  it  comes  in  contact  with  the  sick 
sheath,  in  which  case  the  lower  half  of  the  panicle  becomes  blasted. 

The  greatest  loss  to  oats  from  the  bacterial  blight  is  due  to  the 
injury  and  collapse  of  the  blades,  causing  a  lowered  vitality,  with 
an  increase  of  blast.  This  injury  results,  as  a  rule,  from  primary 
infection  through  the  stomata  of  the  sheaths  and  blades.  A 
smaller  loss  results  from  a  direct  blasting  of  the  heads,  due 
to  sheath  lesions  coming  in  contact  with  them.  It  is  also  very 
probable  that  such  specific  bacteria,  when  present  in  the  soil,  give 
rise  to  products  which  are  detrimental  to  the  oat  crop.  Just  what 
consequences  would  result  to  oats  growing  in  a  soil  medium  filled 
with  such  specific  organisms  as  the  oat  blight  bacteria,  would  be 
diflBcult  to  predict.  If  the  specific  lesions  in  oats  result  from  the 
effect  of  a  toxin  or  a  destructive  enzyme  produced  by  the  blight 
bacteria,  then,  were  these  organisms  abundant  in  the  soil,  it  would 
be  reasonable  to  suppose  that  the  oats  would  suffer  from  taking  up 
their  specific  products.  Such  may  be  the  very  conditions  which  are 
actually  taking  place  in  those  fields  showing  blight  for  several 
seasons  successively.  This  is  a  phase  of  soil  investigation  which 
should  certainly  be  covered,  that  is,  whether  an  abundance  of  these 
specific  organisms  in  the  soil  plays  a  detrimental  role  against  the 
growth  and  maturity  of  oats.  That  there  is  a  specific  abnormal  cou' 
dition  of  the  oat  cro-p^  is  evident  from  the  many  observations  noted  in 
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the  literature  quoted.  This  diseased  condition  is  worse  in  cei tain 
localities  than  in  others,  and  varies  even  in  fields  but  little  aflfected. 
There  seems  to  be  some  evidence  which  indicates  that  these  blight 
organisms  in  certain  small  areas,  in  fields  showing  limited  infection, 
bring  about  a  condition  in  the  soil  which  is  objectionable  to  the 
growing  oat  plant;  if  such  is  the  case  these  areas  may  be  called 
**oat.sick." 

STUDIES  IN  LIMITING  THE  ORGANISMS  OF  OAT  BLIGHT. 

The  field  observations  noted,  and  the  cultural  work  herein 
covered,  extend  over  a  period  of  the  past  two  years.  The  observa- 
tions in  the  field  include  those  of  the  two  growing  seasons  of  of  1908 
and  1909,  supplemented  by  the  observations  made  by  Prof.  Selby 
and  his  assistant,  J.  M.  Van  Hook,  in  1907.  The  artificial  inocula- 
tions have  been  run  on  six  different  occasions  for  periods  varying 
from  three  weeks  to  three  months,  under  varying  weather  conditions. 
The  results  all  point  to  the  same  conclusion,  namely,  that  the  disease 
is  caused  by  the  symbiotic  relation  of  two  bacteria.  During  the 
season  of  1908  artificial  inoculations  in  oats  in  field  plots  conclusively 
showed  that  the  yellow  organism  {Bacillus  avenae)  did  not  produce 
lesions,  and  that  the  white  organism  {Ps.  avenae)  would  produce  but 
very  limited  lesions,  but  when  a  mixture  of  these  organisms,  made 
directly  from  crushed  leaves,  was  inoculated,  the  lesions  spread 
rapidly.  This  same  line  of  work,  duplicated  in  the  pathologium 
under  varying  moisture  and  temperature,  gave  under  favorable  con- 
ditions exact  duplicate  of  the  field  work.  No  typical  blight  resulted 
unless  both  organisms  were  inoculated  into  the  same  plant,  con- 
clusively showing  the  above  deductions.  The  white  organisms  (i%. 
avenae)  when  inoculated  alone  produced  a  limited  lesion  which  was 
light  in  color  and  not  typical  of  the  lesions  of  oat  blight;  since  the 
yellow  organism  {B.  avenae)  when  inoculated  alone  failed  to  produce 
any  lesion  at  all  or  to  make  any  signs  of  headway,  the  active  agent 
in  the  production  of  the  pathogenicity  is  Ps,  avenae.  The  relation 
of  the  yellow  organism  to  the  spread  of  the  lesion  seems  to  be  that 
of  maintaining  a  proper  nidus  for  a  virulent  growth  and  production 
of  the  active  toxin  or  enzyme  by  the  white  organism. 

A  series  of  plate  cultures,  run  for  the  purpose  of  determining 
the  rate  of  distribution  of  the  organisms  throughout  the  leaf,  tends 
to  show  that  the  lesion  when  the  yellow  organism  is  present  spreads 
even  more  rapidly  than  do  the  organisms.  That  is,  yellowing  which 
extended  clear  to  the  ends  of  the  leaves  often  failed  to  show  the 
yellow  organism  at  all  when  cultures  of  the  t>ps  were  run,  and 
in  many  instances  would  show  only  a  few  colonies  of  the  white  organ* 
isms  (Ps.  avenae).      In  the  case   where  the  white  organism  was 
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inoculated  alone  this  relation  of  the  bacteria  to  the  spread  of  the 
lesion  was  entirely  difFerent^  the  lesion  extending*  only  the  distance 
of  the  spread  of  the  organism.  This  line  of  work  would  seem  to 
show  that  the  association  of  the  two  organisms  results  in  a  much 
more  rapid  production  and  spread  of  the  toxin  or  other  products 
which  cause  the  breakdown  of  the  chlorophyl  or  the  destruction  of 
the  cellular  work  of  the  leaves.  This  series  of  culture  work  was 
carried  out  as  follows:  Leaves  which  showed  yellowing  six  to  nine 
inches  from  the  point  of  inoculation  were  placed  in  cultures,  using  a 
one-half  inch  section  of  the  leaf  one  inch  distant  from  the  point  of 
inoculation,  and  another  section  six  to  nine  inches  from  the  point  of 
inoculation.  In  all  the  plates  made  from  the  sections  one  inch  from 
the  point  of  inoculation,  both  the  yellow  and  white  organisms  were 
found  in  abundance,  while  in  those  plates  made  from  the  tip  sections 
of  the  leaves  at  a  distance  of  six  to  nine  inches  from  the  point  of 
inoculation,  in  many  there  was  little  or  no  evidence  of  the  yellow 
organism  and  in  several  of  the  plates  no  colonies  of  the  white  organ- 
ism, showing:  that  the  lesions  are  some  times  more  extended  than 
the  bacteria. 

CHARACTERISTICS  OP  THE  WHITE  BACTERIUM 
OF  OAT  BLIGHT. 
Pseudomonas  avenae  n.  sp. 
Following:   Migiila's  classification  and  the  numerical  system' 
this  organism  becomes  Ps.  111.2223032. 

MORPHOLOGY. 

This  org:anism,  taken  from  24  hour  cultures  on  any  of  the  or- 
dinary culture  media,  is  a  bacterium  of  short,  rod  shape  with  round 
ends,  and  with  few  internal  markings,  having  a  diameter  of  .5  to  1 
micromillimeter  and  a  length  of  1  to  2  mmm.  The  majority  of  the 
organisms  measure  about  H  mmm.  in  diameter,  having  a  length  of  1.5 
mmm.  In  hanging:  drop  the  flagellate  individuals  are  actively  motile, 
though  being:  limited  in  number  even  in  the  most  viable  cultures. 
Occasionally  in  plates  of  nutrient  agar  and  in  old  nutrient  glucose 
agar  cultures,  the  organisms  are  much  shorter,  assuming  oval  or 
nearly  coccus  forms.  In  agar-hanging-block-mounts  the  organisms 
separate  quickly  upon  division,  very  seldom  being  found  in  chains  of 
three  or  four. 

Staining  Reactions:   The  organism  does  not  retain  Gram's  stain. 

Endospores:  Bodies  which  are  apparently  endospores  are 
found  in  old  cultures  of  the  organisms  such  as  those  which  have  run 
for  one  month  or  more.  When  mounts  of  such  cultures  are  made, 
especially  those  from  nutrient  glucose  agar,  and  stained  with  hot 
carbolfuchsin  for  three  or  four  minutes,  these  bodies  retain  the 
stain  similar  to  spores.     (See  Fig.  2,  Plate  IX).    In  type,  they  are 

*See  DeKTiptire  Chart,  endorsed  by  tbe  Society  of  A  merican  BacterkdofrisU,  December  1907. 
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r  to  the  spores  found  in  the  anthrax  organism,  Bacillus 
CIS.  When  stained  with  hot  carbolfuchsin  they  may  be  decolor- 
r  a  few  seconds  with  5  percent  sulphuric  acid  without  losing 
ain.  Observations  were  not  made  as  to  the  growth  from  these 
;,  though  cultures  which  had  run  nine  months  before  transfer- 
ad  which  had  dried  up,  produced  a  growth  of  the  white  organ- 
ending  further  to  show  that  the  organism  is  carried  over  by 
;han  the  vegetative  form.  Clostridium  forms  may  be  observed 
rient  glucose  agar  in  one  week  old  cultures. 

Staining  for  Flagella: 
This  organism  is  very 
difficult  to  stain  in  de- 
monstration of  the  fla- 
gella. The  film  on  cover 
slip  appears  to  fix  poorly 
and  in  many  attempts  the 
film  loosens.  This  is  es- 
pecially true  in  the  use  of 
Van  Ermengem's  stain, 
but  not  so  marked  in  the 
use  of  Pitfield'sor  Muir's 
modification  of  Pitfield's. 
In  the  use  of  the  two  lat- 
ter scains,  though  the  film 
holds  fairly  well,  it  is 
found  upon  examination 
that  the  flagella  are  deli- 
cately stained  and  also 
very  scarce  unless  one  is 
fortunate  in  fixing  and 
equally  so  in  catching  the 
1  before  the  flagella  have  been  cast  off.  Much  difficulty  is 
th  in  attempting  to  limit  the  number  of  flagella.  In  general 
ne  polar  flagellum  is  present.  After  a  careful  study  of  a 
r  of  slides,  covering  over  a  month's  work  on  staining,  the 
has  concluded  that  there  is  found  occasionally  individuals 
two  or  three  polar  flagella,  but  these  are  very  few  (see  Fig. 
54).  The  cultures  have  been  carried  out  in  triplicate,  using 
nanism  from  different  sources  and  the  work  being  run  at  dif- 
periods  of  time.  This  work  on  limiting  the  organism  through 
iS  began  in  January  1909,  and  continued  through  June. 


^seudomonas  avenat  n.  sp.  The  bacterium  which  is 
live  airent  in  the  cause  of  oat  blight.  Culture  three 
on  nutrient  trlucoee  affar.  Drawn  from  Van 
iffem^B  stain. 
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CULTURAL    CHARACTBRI8TIC8. 

Plate  work:  Little  difiEiculty  is  met  with  in  obtainini^  the  two 
organisms  of  oat  blight  as  a  mixture  from  the  sick  blades.  The 
writer  sterilized  the  blades  externally  with  a  solution  of  corrosive 
sublimate  made  with  two  g^rams  of  bichloride  of  mercury  in  1000  cc. 
of  eqaal  parts  of  commercial  alcohol  and  water.  The  leaves  were 
placed  in  this  solution  for  one  to  one  and  one-half  minutes  and 
were  then  quickly  followed  by  four  washings  with  sterile  water. 
This  disinfection  in  no  way  apparently  injured  the  organisms  which 
were  internal,  but  proved  very  efficient  in  destroying  surface  con- 
taminations. Whenmixed  the  two  organisms  make  a  medium  to  rapid 
growth  and  in  two  to  three  days  they  can  be  plainly  seen.  Sometimes 
the  yellow  organism  predominates,  but  as  a  rule  the  white  bacterium, 
when  growth  takes  place  properly,  is  the  predominating  organism  in 
numbers,  though  the  yellow  organism  is  always  the  first  visible  and 
in  some  instances,  when  the  medium  is  slightly  unfavorable  to  the 
white  organism,  it  may  in  growth  overwhelm  the  latter.  Medium  that 
has  become  too  much  dried  out  is  very  unfavorable  for  the  white 
organism  (/%.  avenae).  The  growth  of  the  white  organism  as  a 
whole,  when  taken  in  pure  culture,  is  somewhat  feeble  on  the 
ordinary  artificial  media,  and  a  number  of  transfers  seem  to  reduce 
its  viability  greatly,  so  that  in  many  instances  it  fails  altogether  to 
makegrowth.  The  culture  media  most  suitable  for  continued  growth 
appear  to  be  nutrient  glucose  agar  and  nutrient  saccharose  agar. 

Agar  stroke:  Growth  very  slow,  usually  visible  in  three  or  four 
days,  scanty  to  moderate,  filiform,  rather  flat,  glistening,  with 
margin  smooth,  opaque  to  opalescent,  non-chromogenic,  with  little  or 
no  odor,  having  a  slimy  consistency.  The  medium,  as  a  rule  is 
turned  slightly  gray. 

Potato  plug:  Growth  moderate,  spreading,  at  first  glistening, 
later  dull,  smooth,  non-chromogenic,  no  odor,  of  a  slimy  consistency. 

Agar  stab:  Growth  best  at  the  top,  though  very  thin,  white 
and  widespread.  Line  of  puncture  filiform,  slightly  beaded  near 
^oPi  growth  soon  limited  in  the  deeper  medium. 

Gelatine  stab:  The  line  of  puncture  becomes  visible  about  the 
third  day.  Growth  is  best  at  the  top  and  is  somewhat  limited  along 
the  stab,  the  line  of  puncture  is  filiform  and  slightly  papillate. 
Liquefaction  is  crateriform  and  begins  in  seven  to  twelve  days.  In 
two  weeks  liquefaction  has  covered  about  the  upper  one-third  of  a  two 
inch  culture  (see  Fig.  2,  Plate  Vni);  in  sixty  days  the  liquefaction 
is  complete.    The  precipitate  is  a  grayish  light  yellow. 

Nutrient  broth:  Visible  growth  is  present  in  three  days. 
Medium  slowly  clouds  with  no  flocci  or  pellicle,  clouding  moderate 
and  persistent,  odor  resembling  decay  by  B.  subtilis.  Sediment 
scant  but  compact,  very  light  yellow. 
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DESCRIPTION  OP  PLATE  VH. 

1.  Showinir  a  surface  cokmy  of  the  white  bacterium  (Pseudomoma*  avenae  n.  sp .)  of  the  oat  bUfffat 
in  nutrient  fflucoae  airar  culture:  six  days  at  22^  to  23^  C.    Bnlamed  seven  and  ooe-half  times. 

2.  Showing  a  sub-colony  of  the  white  bacterium  of  oat  bliffht  in  nutrient  irlucoae  ac^ar  plate 
culture:  six  days  in  moist  chamber  at  22**  to  23**  C    Enlarged  65  times. 

8.  Showingsub-ookmyof  the  white  bacterium  of  oat  blight  differiair  somewhat  in  shape  fxTKntlie 
colony  illustrated  in  <2)  above.  In  nutrient  glucose  agar  plate  culture;  six  days  at  22**  to  23**  C.  En- 
larged 65  times. 

4.  Showing  a  sub-colony  of  the  yellow  bacterium  iBacittu*  avtmat  n  sp.)  of  oat  blight  in  nutrient 
glucose  agar  plate  culture;  four  days  at  22**  to  23^  C.  Enlarged  65  times.   (All  taken  5-1&09).    Original. 
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1. 


2. 


PLATE  VII. 


4. 
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DESCRIPTION  OF  PLATE  VHI. 

1.  Showing  Si  ee\at\neBtah  culture  of  the  yfhite  hactcTlum  (Pseudomottas  arenaf  n.  sp.)  of  oat 
bliffht  one  week  old;  temperature  22**  to  23°  C.  (Medium  .6  percent  acid  to  pbenolpbthalein).  Natura 
8i2e.  3-3(M)9. 

2.  Showing  a  gelatine  stab  culture  of  the  white  bacterium  (PseuJomonas  avenae  n.  sp.)  of  oat 
bliffht  two  weeks  old:  temperature  22°  to  23°  C.  (Medium  .6  percent  acid  to  pbenolpbthalein) 
Natural  size.    iS4ld. 

3.  Sbowinir  nutrient  srlucose  aarar  (.5  percent  acid  to  pbenolpbthalein)  slant  culture  of  the  whitr 
bacterium  (Pseudomonas  avttiae  n .  sp.)  of  oat  bliffbt,  temperature  22°  to  23°  C:  two  weeks  old .    3-214&. 

4.  Sbowinar  a  g-elatine  stab  culture  of  the  yellow  bacterium  (^Bacillus  avenae  n.  sp  .)of  oat  blight* 
two  weeks  old  In  medium  .5  percent  acid  to  pbenolpbthalein.    Temperature  22°  to  23°  C    3-30-08. 

5.  Showing  a  potato  pluar  culture  of  the  yellow  bacterium*  {Bacillus  az'«»a/ n.  sp.)  of  oat  bligbt. 
two  weeks  old  a  t  tem  perat ure  22°  to  23°  C.    3-27-09 . 

6.  Showinff  nutrient  fflucose  airar  (1.6  percent  acid  to  pbenolpbthalein)  slant  culture  of  tb« 
yeIIowbacterium(^ari//«jaf^»a<rn.  8p.)of  oat  bliirht;  one  week  old  at  temperature  22°  to  23*  C- 
3-l&^.    AU  oriffinaL    Natural  size. 
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Milk:  No  coag-ulation  in  thirty  days.  The  reaction  is  slig-htly 
acid  and  apparently  remains  so. 

Litmus  milk:  Beginning  with  the  second  day  the  medium 
shows  a  very  slight  acidity  which  gradually  increases  up  till  the 
10th  day,  after  which  the  acidity  begins  to  weaken;  no  coagulation. 

Gelatin  colonies:  The  growth  is  somewhat  slow,  colonies  be- 
coming visible  about  the  second  to  the  third  day.  At  the  end  of  the 
7th  day  pitting  is  noticeable.  The  colonies  at  three  days  are  white 
to  gray,  round,  with  margins  entire;  in  two  to  three  weeks  the 
pitted  colonies  become  confluent  and  liquify  this  medium. 

Agar  colonies:  Growth  is  very  slow;  colonies  are  visible  about 
the  third  day.  Colonies  round  with  smooth  surface  and  edges 
entire.  The  internal  structure  is  amorphous,  somewhat  more  dense 
at  center. 

Growth:  Growth  takes  place  best  on  nutrient  glucose  and  sac- 
charose agar. 

PHYSICAL  AND  BIOCHEMICAL  FBATURBS. 

Gas  and  acid  production:  No  gas  is  produced  in  the  follow- 
ing sugar  bouillons:  dextrose,  saccharose,  lactose,  maltose  and 
glycerin.  Little  or  no  growth  takes  place  in  the  closed  arm  of  the 
fermentation  tube.  The  production  or  change  in  acidity  in  each  of 
the  above  media  is  as  follows.  Dextrose,  check  l.S  percent  acid  to 
phenolphthalein;  first  day's  growth  1.25  percent,  second  day's 
growth  2.  percent,  fourth  day's  growth  1.82  percent.  Saccharose 
bouillon,  check  1.9  percent  acid;  growth  shows  no  change  in  four 
days.  Lactose,  check,  1.75  percent  acid;  first  day's  1.37  percent, 
second  day's  1.75  percent,  fourth  day's  1.25  percent.  Maltose 
bouillon,  check,  1.87  percent  acid;  first  day's  growth  2.25  percent, 
second  day's  1.75  percent,  fourth  day's  1.57  percent.  Glycerin, 
check,  1.5  percent  acid;  first  day's  growth  1.42  percent,  second  day's 
2.  percent,  fourth  day's  1.51  percent  acid.  These  variations  are 
very  slight  and  the  conclusions  would  seem  to  be  that  the  white  or- 
ganism, Ps.  avenae,  produces  but  very  little  change  in  the  reaction 
of  media. 

Ammonia:     None  produced. 

Nitrates:     Reduced  to  nitrites  in  nitrate  bouillon. 

Indol:     No  indol  is  produced. 

Tolerations  of  acids  and  alkalies:  This  organism  is  very 
sensitive  to  alkalies,  producing  only  limited  growth  in  .5  percent  al- 
kaline medium  (to  phenolphthalein),  and  likewise  on  the  other  hand 
it  is  quite  sensitive  to  acids,  making  but  little  growth  on  medium 
beyond  1.5  percent  acid  to  phenolphthalein.  The  optimum  reaction 
for  growth  appears  to  be  about  +10  in  Fuller's  scale. 

Vitality  on  media:  When  grown  on  nutrient  glucose  agar,  and 
nutrient  saccharose  agar,  the  vitality  of  this  organism  is  quite  pro- 
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longed.  Its  life  on  culture  media  appears  to  be  a  matter  of  spore 
production,  which  latter  apparently  form  after  several  weeks  on 
sug^ar  media. 

The  thermal  death  point  in  youngr  cultures  is  reached  in  a  ten- 
minute  exposure  at  60^  C. 

The  optimum  temperature  for  growth  is  between  20^  and  30^  C. 

Lright  is  very  active  in  checking  the  viability  of  this  organism. 

Drying  quickly  kills  the  organism  in  young  culture,  though  in 
old  cultures  the  spores  apparently  carry  it  over. 

CfTects  of  germicides:  This  organism  in  the  vegetative  state 
is  much  more  susceptible  to  germicides,  heat,  light  and  drying  than 
is  the  yellow  organism.  Killing  results  in  ten  minutes  in  a  1  in 
15,000  solution  of  corrosive  sublimate,  or  1  in  7,500  of  formaldehyde. 
In  a  toleration  test  in  nutrient  glucose  bouillon  having  one  gram  of 
corrosive  sublimate  in  75,000  cc.  and  when  1  cc.  of  formaldehyde  in 
15,000  cc.  was  used,  the  organism  failed  to  grow. 

Pathogenicity:  Pathogenic  in  blades  of  oats  {Avena  saliva)^ 
com  (Zea  mays\  timothy  (PAleum  pralense)^  barley  (/fordeum 
disttchum)^  wheat  {Triiicum  vulgare)^  and  in  the  culms  and  sheaths 
of  the  blue  grasses  i^Poa  pratense  and  P,  compressd), 

DESCRIPTION  AND  CHARACTERISTICS  OF  THE  YELLOW 
BACTERIUM  OF  OAT  BLIGHT. 
Bacillus  avenae  n.  sp. 
Following  Migula's  classification  and  the  numerical  system* 
this  organism  becomes  B.  222.2223532. 

MORPHOLOGY. 

This  organism  when  grown  on  nutrient  glucose  agar  at  room 
temperature  22°  to  23°  C,  for  twenty-four  hours  is  a  very  actively 
motile  bacillus  of  short,  rod  shape  with  rounded  ends,  measuring 
from  .75  to  1  x  1.5  to  2  micromillimeters.  The  majority  are  about 
.75  mmm.  xl.7  mmm.  Division  when  observed  in  agar  hanging 
block  takes  place  quickly,  the  organisms  soon  separating;  usually 
found  singly,  but  some  times  observed  in  short  chains  of  three  or  four. 

Staining  reactions:  This  organism  does  not  retain  Gram's  stain. 

Endospores:     No  endospores  have  been  observed. 

Flagella:  The  flagella  are  many,  peritrichiate,  long,  undulate; 
easily  stained  with  Pitfield's  or  Van  Ermengem's  method. 

CULTURAL  FEATURES. 

Agar  stroke:  Growth  is  very  rapid  and  abundant.  Filiform, 
slightly  raised,  at  first  white,  glistening,  later  turning  somewhat 
dull,  margin  smooth,  growth  rather  opaque;  the  third  day  turning 
yellow;  growth  somewhat  mucous:  no  noticeable  odor. 

Potato:  Growth  abundant  and  persistent,  rapidly  spreading; 
diffuse,  dull,  margin  smooth;  pigment  yellow.  Consistency  mucous. 
No  characteristic  odor. 

♦Seefootnotc  p.  133. 
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DESCRIPTION  OF  PLATE  IX. 

1.  Showing  the  white  bacterium  {Pseudomonas  avenae  n.  6p.)of  oat  bliffht  from  nutrient  fflucos 
airar  plate,  ten  days  in  moist  chamber.    Carbolfuchsin.  Enlarged  1000  times.    4-3-09. 

2.  Showins*  what  appear  to  be  spores  of  the  white  bacterium  (  Pseudomonas  avenae  n  •  sp  )  of  oat 
bliffht  from  a  two  months  old  culture  on  nutrient  arlucose  asrar  stained  with  hot  carbolfuchsin  four 
minutes  and  decolorized  with  6  percent  sulphuric  acid.    Enlarged  1000  times.    5-17-09. 

3.  Showinar  polar  flaarella of  the  white  bacterium  {Pseudomonas  avenae  n .  sp. )  of  oat  blight  from 
a  twenty-four  hour  culture  on  nutrient  glucose  agar.    Pitfield's  stain .    Enlarged  1000  times.    6-19^. 

4.  Showing  polar  flagella  of  the  white  bacterium  [Pseudomonas  avenae  n.  sp  • )  of  oat  blight  from 
a  twenty-four  hour  nutrient  glucose  agar  slant.    Pitfield*s  stain.    Enlarged  2000jtimes.    5-lW)9. 

5.  Showing  flagella  of  the  yellow  bacterium  {Bacillus  avenae  n.  sp.)  of  oat  blight  from  a  four  days 
old  culture  on  nutrient  glucose  agar.    Van  Ermengem's  stain      Enlarged  1000  times-    4-3-09. 

6.  Showing  the  yellow  bacterium  {Bacillus avenae  n.  sp  )  of  oat  blight;  culture  one  week  old  on 
nutrient  glucose  agar.     Carbolfuchsin  stain.    Enlarged  1000  times.    4-26-09.    Alloriginal. 
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DESCRIPTION  OP  PLATE  X. 

Showing  an  oat  plant  infected  with  a  mixture  of  artificial  cultures  of  the  bacteria  iPs.  avenatn 
8p.  and  B.  avenae  n.  sp.)  which  cause  the  brown  blade  bliffht  of  oats;  inoculated  by  means  of  a  hjpo- 
dermic  needle  at  the  points  marked  **A.'*  The  preliminary  results  of  the  infection  is  a  yellowing  ex- 
tending  rapidly  to  the  very  tips  of  the  leaves;  should  a  day  or  so  of  hot  sunshiny  weather  foltowtbk 
yellowinff,  the  leaves  will  quickly  assume  the  characteristic  reddish  brown  color  typical  of  the  \\\g\i- 
which  results  in  an  almost  total  collapse  of  the  infected  leaves.  Infection  had  run  two  weeks  at  the 
time  ofphotoffraphinjr-    Water  colored.    Natural  size.    3-31-09.    OriffinaL 
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Agar  stab.  Growth  best  at  top  with  an  abundant  growth  at 
surface.  Line  of  puncture  filiform,  slightly  beaded;  growth  soon 
becomes  yellow. 

Gelatin  stab:  Growth  best  at  top,  filiform  and  somewhat 
beaded  on  upper  line  of  puncture.  No  liquefaction  takes  place  in 
four  weeks.     Growth  turns  yellow  on  the  third  day. 

Nutrient  bouillon:  Medium  becomes  unevenly  cloudy  in 
twenty-four  hours.  The  second  day  shows  a  heavy  yellow  precipitate. 

Milk:  Coagulation  shows  at  the  end  of  two  weeks  at  which 
time  extrusion  of  whey  begins.  The  reaction  of  check  was  1.57 
percent  acid  to  phenolphthalein.  At  the  end  of  the  second  day's 
growth  the  reaction  was  1.95  percent  acid;  at  the  end  of  the  fourth 
day's  growth  the  acidity  was  2  percent.  The  general  consistency  of 
the  milk  remained  apparently  unchanged  until  the  end  of  the  second 
week,  when  coagulation  set  in. 

Litmus  milk:  Shows  acid  at  the  end  of  the  first  day  and  grad- 
ually becomes  more  marked  until  the  fourth  week.  Coagulation 
takes  place  the  second  week. 

Gelatin  colonies:  Growth  is  very  rapid;  colonies  visible  in 
twenty-four  hours.  Round  and  slightly  raised,  edge  entire;  no  pit- 
ting or  liquefaction.    Sub-colonies  lenticular. 

Agar  colonies:  Growth  is  rapid  at  room  temperature;  round, 
with  smooth  surface,  slightly  raised;  edges  entire.  Amorphous 
somewhat  denser  at  center.  Sub-colonies  lenticular,  amorphous 
though  center  dense. 

Gro^KTth:  Growth  takes  place  best  on  nutrient  glucose  or  saccha- 
rose agar. 

PHYSICAL  AND  BIOCHEMICAL  PBATURBS. 

Gas  and  acid  production:  No  gas  is  produced  in  the 
following  bouillons:  dextrose,  saccharose,  lactose,  maltose  and 
glycerin.  Growth  is  noticeable  in  the  arm  of  fermentation  tube  in 
the  dextrose  and  saccharose,  though  not  marked.  There  is  possibly 
a  slight  growth  in  the  closed  arm  in  lactose  and  glycerin.  The  pro- 
duction of  acid  in  each  of  the  above  media  takes  place  as  follows: 
Dextrose,  check,  1.5  percent  acid  to  phenolphthalein,  first  day's 
growth  3.8  percent,  second  day's  growth  3.8  percent,  fourth  day's 
growth  3.8  percent.  Saccharose,  check,  1.9  percent,  first  day's  growth 
3.2  percent,  second  day's  growth  3.5  percent,  third  day's  growth  3.4 
percent.  Lactose,  check,  1.7  percent,  first  day's  growth  1.7  percent, 
second  day's  growth  1.9  percent,  fourth  day's  growth  2  percent. 
Maltose,  check,  1.8  percent,  first  day's  growth  2.5  percent,  second 
day's  growth  3  percent,  fourth  day's  growth  3  percent.  Glycerin, 
check,  l.S  percent,  first  day's  growth  1.9  percent,  second  day's 
growth  2.2  percent,  fourth  day's  growth  2.2  percent. 

Ammonia:  No  ammonia  is  produced  in  nutrient  bouillon  or  in 
nutrient  sugar  bouillon.  u gtzed  by  vj^Oglc 
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Indol:     Production  of  indol  is  moderate  in  sugar  free  bouillon. 

Nitrate  reduction:  Nitrates  are  reduced  to  nitrites  in  nitrate 
broth. 

Toleration  of  acids  and  alkalies:  This  organism  makes  fair 
growth  in  2.5  percent  acid  medium  to  phenolphthalein  while  1  per- 
cent alkaline  medium  retards  its  growth. 

Optimum  reaction  for  growth  in  nutrient  sugar  bouillon  or 
nutrient  sugar  agar  is  +15  in  Fuller's  scale. 

Vitality  on  culture  media  is  long. 

The  thermal  death  point  is  reached  in  a  ten  minute  exposure 
at  60°  C.  The  optimum  temperature  for  growth  is  between  20°  and 
30°  C.     Very  resistant  to  exposure  in  light. 

The  organism  is  quite  resistant  to  drying  in  cultures. 

Effects  of  germicides:  Killing  results  in  ten  minutes  in  a  one 
in  10,000  solution  of  corrosive  sublimate  or  in  a  one  in  5,000  solution 
of  formaldehyde.  In  a  toleration  test  in  nutrient  glucose  bouillon, 
growth  failed  in  this  medium  having  one  gram  of  corrosive  sublimate 
in  50,000  cc,  and  likewise  when  1  cc.  of  formaldehyde  in  10,000  was 
used. 

Pathogenicity:  The  organism  is  not  pathogenic  by  itself;  how- 
ever, in  symbiotic  relation  with  Pseudomonas  avenae  n.  sp.,  it  aids  in 
producing  the  blade  blight  of  oats. 

THE  POSSIBILITY  OF  SELECTING  RESISTANT  STRAINS  OF  OATS. 

A  casual  examination  of  different  oat  varieties  at  the  time  when 
the  disease  is  at  its  worst  would  seem  to  indicate  little  possibility  of 
selecting  a  variety  having  much  resistance.  However,  such  a  con- 
clusion does  not  seem  to  be  sustained  when  yields  are  considered. 
The  results  from  the  variety  oat  test  at  this  Station  for  the  season  of 
1907  (the  heavy  blight  year)  gave  for  the  Sixty-Day  variety  a  yield 
of  56.95  bushels  as  compared  with  54.49,  51.13,  50.63  bushels  for  the 
three  next  higher  yielding  varieties  and  with  44.75  bushels  for  the 
average  of  all  varieties  excluding  the  Sixty-Day.  •  Van  Hook  in  his 
correspondence  (see  p.  100)  notes  that  there  existed  differences  in  re- 
sistance to  the  blight  disease  in  the  oat  varieties  being  compared 
here  in  1907. 

In  1908,  the  outbreak  at  this  Station  was  at  first  most  severe  among 
the  earliest  sowings  (some  sowings  of  the  early  and  late  test)  which 
were  located  at  the  south  of  the  tier  including  the  variety  tests. 
Later,  however,  the  disease  appeared  to  be  somewhat  general,  though 
not  severe,  on  most  of  the  varieties,  appearing  to  be  somewhat 
more  pronounced  upon  Wideawake. 

In  the  infection  work  in  the  pathologium  from  February  to 
May,  1909,  two  varieties,  viz..  Improved  American  and  Wideawake, 
were  used  respectively  in  the  different  inoculations,  and  it  was  quite 
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noticeable  that  Improved  American  was  slower  on  an  averag'e  to  show 
infection  than  was  Wideawake.  AgdAn  it  was  noticeable  that  a  few 
individuals  showed  marked  difference  in  resistance  from  the 
average.  It  is  from  these  individuals  rather  than  from  any  special 
variety  that  the  writer  believes  the  more  valuable  resistant  selections 
may  come.  On  the  other  hand,  there  is  little  doubt  but  that  the  variety 
which  shows  the  most  resistance  will  also  offer  the  (greatest  number 
of  individuals  for  selection.  Observations  made  this  season  (1909) 
indicate  that  there  is  some  difference  in  susceptibility  to  the  bliifht 
disease  as  manifested  by  the  amount  of  infection  showinc^  on  the 
different  varieties  in  the  test  plots  at  the  Station.  The  strain  select- 
ed and  c^rown  as  a  winter  oat  showed  no  sign  of  blight  this  season, 
as  far  as  the  writer  could  determine.  This  same  strain,  when  sown 
as  a  spring  oat,  showed  but  the  slightest  trace  of  the  disease.  On 
the  other  hand.  Wideawake  and  several  of  the  other  varieties  showed 
a  marked  beginning  of  infection  at  one  .time.  The  disease  made 
little  or  no  headway  after  the  advent  of  sunshiny,  dry  weather,  thus 
preventing  further  observations  on  the  spread  of  the  disease, 
and  the  resistance  of  varieties.  The  writer  is  fully  satisfied  that 
there  is  a  good  opportunity  for  selecting  resistant  strains  which 
would  quite  easily  overcome  much  of  the  losses  from  this  disease. 

The  following  data  show  the  yields  of  Improved  American  com- 
pared with  Wideawake  and  the  average  of  all  varieties  grown  in  the 
variety  oat  test  at  this  Station  during  the  past  six  years". 

1904        1905        1906        3907        1908        tl909 

Improved  American 85.66      59.45      87.21      45.47       67.18       73.51 

Wideawake 77.26      56.65      73.02      40.20        50.19       55.42 

Average  of  all  varieties...  77.75      59.16      77.90      45.25        62.02       65.81 

In  each  of  the  above  years  it  is  apparent  that  the  Improved 
Americaa  variety  outyielded  Wideawake  considerably,  also  that  the 
average  of  all  varieties  exceeds  Wideawake  in  yield.  Some  of  this 
difference  in  yield  between  other  varieties  and  the  Wideawake  is  un- 
doubtedly due  to  the  latter's  non-resistance  to  the  blight  disease. 

BREEDING  OP  RESISTANT  STRAINS  AN  IMPORTANT  PHASE 
OF  EXPERIMENT  STATION  WORK. 

The  writer  is  an  ardent  believer  in  the  '*ounce  of  prevention" 
theory.  There  are,  however,  two  ways  in  which  the  agriculturist 
may  considerably  ward  off  plant  diseases;  one  is  to  be  continually  on 
the  alert  and  apply  proper  treatment  at  the  right  time.  Should  he, 
however,  be  trying  to  grow  varieties  which  are  very  susceptible  to 
disease,  this  method  is  not  always  the  most  pleasant  and  most 
practicaL 

n  Cir.  88,  Ohio  Agrk.  £zp*t.  SUu,  Feb.  15,  1909,  C.  G.  Williams. 
tFrom  data  of  1900  yields  hirnisbed  by  C.  G.  Williams. 
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DESCRIPTION  OP  PLATB  XL 

Sbowinir  the  oat  bliirht  resulting  from  aphides  canyinr  tbe  diwaiiw.  Tke  two  leaves  at  the  left 
came  from  the  check  row,  which  became  infected  through  the  vrain  lioecanriaff  the  disease  from  tbe 
infected  row.  (See  Plate  II  and  the  description).  The  lice  were  placed  on  the  infected  plants  o<  the 
inoculated  row:  both  rows  were  then  ca«ed  in;  in  two  weeks  these  insBCta  had  carried  the  disease  to  the 
check  (healthy)  row  with  the  bacterial  blight  resulting  as  pbotocraphed  im  tbe  two  leaves  at  ttie  left 
Tbe  leaf  at  the  riffhtcame  from  the  cage  in  which  the  aphides  free  from  the  bacterial  bliffht  disease 
were  confined  (see  Plate  III  and  thedescriptkm) .  The  Injnriea  rranlffair  to  aats  from  the  sacking  of 
aphides  is  entirely  different  from  the  blade  blight .    (See  Plate  lYX  3^314)0.    OritfiaaL    Matura.1  siae 
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A  second  means  is  to  secure  varieties  which  are  known  to  be 
very  resistant  to  the  more  common  diseases.  To  accomplish  the  end 
in  view  both  of  these  means:  resistant  varieties  and  treatment, 
should  be  diligently  looked  after.  The  value  of  using*  resistant 
varieties  or  strains  is  everywhere  apparent.  Take  for  example  the 
loose  smut  of  wheat  in  this  state.  Observations  and  examinations 
show  that  this  disease  is  causing  losses  in  different  fields  from  less 
than  .01  percent  to  as  high  as  S  percent.  That  such  a  heavy  loss  as 
S  percent  or  even  2  percent  is  simply  a  matter  of  unwisely  continu- 
ing the  use  of  a  susceptible  variety  is  very  evident.  During  the 
season  of  1908,  the  varieties  of  wheat  grown  at  this  Station  wpre 
carefully  counted  to  estimate  the  percent  of  loose  smut.-  Only  seven 
varieties  out  of  some  forty-seven  showed  a  loss  of  over  1  percent  due 
to  this  disease.  Among  these  seven  are  to  be  noted  the  following: 
Pride  of  Genesee  1.08  percent,  Prosperity  6.47  percent,  American 
Bronze  5.14  percent,  Inrincible  S.20  percent,  Hickman  1.02  percent. 
Golden  Bronze  1.87  percent,  and  Dawson's  Golden  Chaff  1.75  percent. 
Of  the  remaining  forty  varieties,  thirty  showed  less  than  .5  percent 
loss  from  loose  smut,  and  of  these  thirty,  fifteen  showed  .05  percent 
or  less;  five  showing  practically  no  loose  smut.  Among  those  that 
show  little  or  no  loose  smut  were  some  of  the  best  yielders.  It  is 
observed  that  these  susceptible  varieties  show  more  or  less  smut 
every  season.  During  1908  the  writer  attempted  to  infect  with 
loose  smut  the  variety  of  wheat  known  as  Poole.  The  result 
was  negative  owing  to  this  variety's  resistant  qualities  to  the 
smut  disease.  The  same  is  true  also  of  oats,  barley,  flax,  potatoes 
and  many  other  crops  in  relation  to  their  specific  fungous  diseases* 
Some  have  considerable  resistance  to  plant  diseases,  possessing  also 
good  quality  and  high  yielding  capacity. 

The  time  is  now  ripe  when  systematic  selection  of  strains 
from  different  varieties  for  resistance  to  prevalent  plant  diseases 
may  be  made  a  great  economic  factor  in  modern  production.  The 
question  so  often  raised,  why  not  let  nature  have  her  course  and  we 
continually  select  the  most  prolific  among  the  survivals,  is  answered 
by  the  remark  that  nature  is  much  too  slow  for  our  generation,  also 
the  layman  not  having  the  knowledge  of  conditions  favoring  and 
limiting  plant  diseases,  is  not  in  line  to  control  nature;  when  nature 
does  afford  the  opportunity  he  is  too  deeply  concerned  in  other  lines 
to  take  advantage  of  it.  Diseases  are  periodic,  that  is,  they  make  their 
appearances  irregularly  according  to  whether  meteorological  con- 
ditions are  favorable  or  not;  along  with  favorable  conditions  must  be 
present  not  only  particular  means  of  infection,  that  is,  the  spores 
or  other  propagating  parts  of  the  disease,  but  also  the  host.  If 
nature  were  regular  in  her  seasons,  and  similar  in  her  correspond- 
ing pe^Tods,  then  the  matter  of  breeding  for  resistant  strains  would 

Digitized  by  KjyjyjwiQ 


154  OHIO  EXPERIMENT  STATION:  BULLETIN  210 

be  simplified.  At  present,  however,  to  accomplish  ends  too  difficult 
for  the  layman,  requires  the  training  of  the  pathologist.  That  is, 
the  pathologist  having  the  specific  infecting  material  at  hand  and 
knowing  the  necessary  environment  for  the  development  of  the 
disease,  may  and  can  maintain  these,  and  subject  the  plant  to  such 
each  year,  instead  of  waiting  for  those  years  having  the  periodical 
outbreak  of  the  required  disease.  The  meteorological  require- 
ments of  certain  diseases  are  now  so  well  known  that  it  is  quite 
possible  to  keep  these  diseases  active  in  unfavorable  seasons,  simply 
by  supplying  the  necessary  conditions.  This  was  readily  shown 
in' working  with  the  oat  blight  in  the  pathologium  during  the  past 
winter.  Conditions  which  were  unfavorable  for  the  development 
of  the  disease  were  overcome  by  maintaining  a  partial  shading  and 
a  saturated  atmosphere. 

SOME  OF  THE  NEEDS  AND  POSSIBILITIES  OF  SELECTION 
FOR  DISEASE  RESISTANT  PLANTS. 

Work  under  glass:  That  the  pathologium  or  properly  regulat- 
ed greenhouse  can  be  of  great  use  in  the  preliminary  testing  and 
selection  of  resistant  strains  is  very  evident  to  the  writer,  he  having 
previously  made  use  of  such  means  in  testing  flax  as  to  its  resistant 
qualities  to  the  flax  wilt  disease*.  For  special  work  of  this  kind, 
however,  a  greenhouse  is  required  with  apartmerits  which  permit  of 
auto-regulation  in  ventilation,  heating,  lighting  and  moisture.  A 
system  which  permits  such  regulation  in  heating  and  ventilation 
is  not  difficult  to  install.  Likewise  moisture  conditions  may  be  more 
or  less  easily  controlled.  Even  lighting  permits  partial  control. 
The  great  advantage  of  such  greenhouse  work  is  evident  when  with 
certain  plants  we  can  make  time  in  multiplying  individuals  by  grow- 
ing and  maturing  an  extra  crop  during  the  winter,  permitting 
inoculation  under  favorable  conditions  for  disease  production,  thus 
readily  distinguishing  resistant  from  non-resistant  individuals. 
Such  conveniences  would  not  onl}*^  give  opportunity  for  preliminary 
selection,  but  also  the  means  for  testing  out  supposed  resistant  in- 
dividuals, which  under  field  conditions  may  strike  the  proper  con- 
ditions for  a  test  but  once  in  two  to  five  years.  Where  we  start  from 
individual  plants  and  have  no  further  means  than  nature  to  bring 
about  proper  meteorological  conditions  for  the  disease,  sometimes 
we  are  much  disappointed  after  carrying  a  good  yielding  plant 
several  yeara,  to  find  that  it  succumbs  upon  the  appearance  of 
certain  fungous  or  bacterial  diseases. 

« **Ftinri  oC  Plax-sick  Soil  and  Flax  Seed  ,**  1902-1904.    Submitted  to  the  North  Dakota  Agrlcul. 
tnral  College,  Department  of  Botany,  Feb.  U909»  for  publication. 
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SOME  OF  THE  LINES  ALONG  WHICH  FURTHER  STUDY 
SHOULD  BE  MADE  ON  THE  OAT  BLIGHT. 

The  writer  is  fully  convinced  that  this  bacterial  blight  is  the 
means  of  bringing*  about  an  abnormal  condition  of  the  oat  crop 
throughout  the  eastern  and  central  states.  The  observations  and 
investigations  herein  recorded  cover  but  a  few  phases  in  the  study 
of  this  very  general  and  important  trouble. 

Some  suggestions  pointing  to  investigations  which  v^uld  further 
make  clear  the  relation  between  the  oat  blight  and  the  specific 
organisms  which  are  the  cause  of  this  disease,  and  economic  means 
for  the  control  would  not  be  out  of  place  at  this  time.  Among  the 
more  important  questions  to  be  settled  are  the  following: 

1.  Are  these  specific  oat  blight  organisms  common  and  per- 
sistent in  soils? 

2.  If  so,  do  they  give  rise  within  the  soil  to  products  which  are 
injurious  to  oats  and  other  crops? 

3.  If  so,  are  these  products  easily  or  difficultly  destroyed? 

4.  To  what  extent  are  these  blight  organisms  within  the  soil 
responsible  for  the  weakened  vitality  so  conspicuous  in  oats? 

5.  What  relation  exists  between  blight  and  blast  in  oats? 

6.  In  what  types  of  soil  and  under  what  meteorological  con- 
ditions do  these  blight  organisms  thrive  best? 

7.  Can  this  blight  trouble  be  overcome  by  the  selection  and 
breeding  of  resistant  varieties? 
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DESCRIPTION  OP  PLATE  XH. 

1.  Showinff  oat  eeedlinfirtt  affected  with  the  HelmintbMporium  bllffht.  On  come  at  the  rarietr 
plots  of  the  Experiment  Station  the  affected  plants  reached  16  percent*  The  plants,  as  a  rule,  quickly 
outflrrow  this  blight.    Enlarged  one  and  one-eiffhth  times*    5-KM)9. 

2 .  Showinir  nutrient  glucoae  agar  plate  culture  of  pieces  of  oat  blades  infected  with  the  Helmio* 
thoeporium  bliirht'  Observe  the  funiruscominff  irom  the  pieces  of  oats-  The  soil  upon  which  these  oats 
grew  was  treated  very  heavily  with  a  solution  of  1  pound  of  formaldehyde  to  20  tralloos  of  water,  naing 
one  irallon  per  square  foot .  The  oats  were  also  thoroughly  treated  with  a  solution  of  formaldehyde 
made  with  1  pound  to  40  gallons.  These  treatments  either  failed  to  kill  the  fungus  in  the  soil  or  on  the 
surface  of  the  seed,  or  the  fungus  is  internal.  Following  the  above  treatment  on  the  yariety.  Im- 
proved American.  9  percent  of  the  seedlings  showed  infection  with  this  blight.  The  Wideawake  var- 
iety showed  nearly  11  percent  of  the  seedlings  infected.    2-2640. 

3.  Showing  the  under  surface  of  nutrient  glucose  agar  plate  cultures  of  the  Helminthosporinm 
fungus  coming  from  pieces  of  infected  oat  blades.  The  sub-medium  growth  of  this  funirus  assaines 
a  very  dark  color  as  illustrated*  The  aerial  mycelium,  however«  has  a  gray  color.  Plates  by  one-half 
3-10410.  AlloriginaL 
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DESCRIPTION  OF  PLATE  XHI. 

Sbowinff  a  pbotoffraph  of  three  oat  blades  in  different  stages  of  the  bacterial  bliarht  (from  natural 
infection)  which  has  in  no  way  been  complicated  with  the  work  of  aphides. 

1.  Showinir  preliminary  lesions  (the  lanrer,  liffht,  oval  spots)  from  stomatic  infection,  spread  by 
rains.  The  smaller  dark  spots  are  caused  by  a  fungus,  H«lmintko*portum  avenae  satfvat  iBrio*i 
and  Cavara), 

2.  Showing  a  general  yellowing  of  the  blade  due  to  primary  stomatic  infection  on  the  stem. 
8.    Shovving  partial  breakdown  of  a  leaf  due  to  the  blight  lesions  becoming  confluent. 

Note:  Illustrations  in  this  plate  show  separate  and  distinct  lesions.  When  infection  is  general- 
ly distributed  the  lesions  qukkly  become  confluent,  giving  the  blades  a  mottled  yellowiah  brown 
appearance. 

(All  from  the  oat  variety  plots,  Ohio  Agricultural  Experiment  Station,  Wooster,  June  16w  1900). 

6-15-09.    Orighial.    Enlarged  one  and  one-third  times. 
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DESCRIPTION  OP  PLATE  XIV. 

Sbowlnff  the  '*bla8t**  of  oats  resultinjr  from  the  bacterial  bliffht  disease  (natural  infectknX  In 
this  case  the  flaff  leaf  had  completely  collapsed,  and  the  lesion  had  passed  downward  attacking 
and  blasting  the  head.  In  many  cases  the  panicle  was  completely  killed  before  it  had  emerged 
from  the  sheath.  The  small  light  spots  on  the  lower  leaf  in  the  illustration,  are  beginning  lesions  of  the 
bacterial  blight.  This  shows  the  disease  resulting  from  stomatic  infection  by  spattering  of  rain. 
Ttie  oat  plants  at  this  stage  were  about  three  feet  high;  many  showed  partial  coUapae  due  to  infection 
of  the  lower  leaves  and  culms;  by  two-thirds. 
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DESCRIPTION  OP  PLATE  XV. 

Showinir  in  Fiff .  1  the  aphis  eggs  found  so  common  on  apple  twiffs  in  1906  and  1909.  The  writer 
flrathered  a  number  of  these  twiirs  (see  p.  117)  from  different  sources,  and  bred  out  the  insects,  in  an 
attempt  to  secvLTeAfacrostpMumgranaria  or  Sypkocoryne  avtnae  to  leam  whether  these  carried  the 
bacteria  of  oat  bliffht,  to  and  from  the  apple.  Upon  beinff  hatched  these  aphides  failed  to  live  ninm 
the  oats  at  all,  even  after  several  seneratipas  had  been  produced  upon  the  apple,  indicatinir  that  the 
efftf s  so  plentiful  on  apple  twiffs  in  1906  and  1909,  were  undoubtedly  those  of  Aphis  mali,  the  apple  aphis  • 

Showinir  in  Fiff.  2,  the  first  genera  tign  of  aphides  on  the  buds  several  dasrs  after  hatching  from  the 
effffs. 

Showinir  in  Fig.  3,  later  generations  of  the  aphides  at  work  on  the  apple  leaves.  The  abovs  illus- 
trations are  from  wcnrk  carried  out  in  the  patholog-ium.    All  enlarged  two  diameters.    3-34)0  and  &^46. 
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SUMMARY. 

1.  There  is  prevailing  throughout  the  oat  area  of  the  centra 
id  eastern  states  an  abnormal  condition  of  the  oat  crop. 

2.  Many  reasons  have  been  assigned  by  different  writers  a! 
e  cause  of  this  condition,  among  which  have  been  mentioned 
ijTsiological,  resulting  from  the  cold,  wet,  cloudy  seasons;  again 
sects  have  been  held  responsible;  in  several  instances  a  specifi( 
cterial  disease  has  been  assigned  as  the  cause.  The  difficulty  o 
stinguishing  the  bacterial  blight  from  other  similarly  appearing, 
it  more  limited  troubles,  has  given  rise  to  much  difference  of  opin* 

1  as  to  the  cause. 

3.  The  writer  finds  that  a  specific  bacterial  disease  is  the  chie 
:tor  in  bringing  about  this  abnormal  condition  of  the  oat  crop. 

4.  This  disease  results  from  a  symbiotic  relation  of  tw( 
cteria.  Their  activity  is  greatly  favored  by  rainy,  humid  an( 
)udy  weather. 

5.  The  disease  in  Its  severity  is  chiefly  confined  to  oats,  al- 
Dugh  a  somewhat  similar  disease  has  been  observed  to  a  less 
tent  on  timothy  and  bluegrass,  and,  on  each  of  a  susceptible 
riety  of  wheat  and  barley  recently  brought  to  the  Experiment 
aition,  for  trial.  In  the  observations  on  timothy  and  blue* 
ass  it  is  to  be  noted  that  the  foliage  suffers  but  little,  while 
e  culm  is  killed  above  the  upper  joint. 

6.  The  chief  method  of  infection  is  through  the  stomata,  the 
^^anisms  being  spattered  on  the  leaves  from  the  soil  by  rains.  A 
:ondary  means  of  dissemination  is  the  work  of  grain  insects. 

7.  In  Ohio  the  seasons  of  1907,  1908  and  1909  have  been  qdte 
^orable  to  the  development  and  spread  of  this    disease.    Probably 

2  greatest  outbreak  of  this  disease  occurred  in  1890,  when  it  was 
served  from  the  Atlantic  Coast  to  as  far  west  as  Indiana,  and  from 
i  Great  Lakes  to  the  Gulf  States. 

8.  The  yields  of  oats  in  Ohio  in  1890,  1907  and  1908,  the  three 
ars  when  this  blight  was  excessive,  were  reduced  respectively, 
.7  percent,  24.3  percent  and  14.4  percent  below  the  average  for  the 
st  eighteen  years.  ^ 

9.  The  preliminary  effects  of  this  disease  is  a  yellowing,  begin- 
r  either  as  small,  round  lesions  on  the  blade,  or  as  long,  streak 
ions  extending  throughout  the  blade  or  even  the  whole  length  of 
t  culm  and  blades.  Occasionally  it  begins  at  the  tips  and  works 
:k  into  the  culm;  again  the  upper  leaves  often  break  down 
'ough  a  weakened  condition  of  the  plant  from  defoliation  below. 
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10.  The  ultimate  symptoms  wherever  the  disease  has  made 
mnch  progress,  are  partial  or  general  collapse  of  the  leaves,  due  either 
to  active  lesions  within  the  blades,  or  to  a  weakened  vitality  of  the 
plant;  this  weakness  results  directly  from  impairment  of  foliage,  or 
sickness  of  culm  and  roots.  In  the  advanced  stages  the  affected 
blades  take  oo  a  mottled  to  almost  red  color,  which  has  been  called 
"rust,**  "blight,**  and  emphasized  by  the  expression  "as  red  as  fire.'* 

11.  It  seems  probable  that  where  the  soil  has  become  filled 
with  these  specific  organisms,  it  has  become  partially  "oatsick.** 
Apparent  "oatsick"  areas  have  been  observed  by  the  writer  and  he 
attributes   these  conditions  to  the  bacttrial  blight  organisms. 

12.  Observations  indicate  that  the  "blast**  of  oats  is  more  or 
less  directly  proportional  in  amount  to  the  severity  of  the  blight 
disease.  In  some  instances  "blast**  is  directly  due  to  active  lesions 
of  the  blight  killing  the  parts  of  the  panicle  infected.  As  a  rule, 
however,  it  appears  that  "blast**  results  from  an  impaired  vitality, 
occasioned  several  weeks  previous  to  the  emerging  of  the  panicle. 
Heads  examined  one  to  two  weeks  previous  to  the  time  for  their 
appearance  showed  "blasted**  kernels,  and  the  amount  of  "blast**  was 
apparently  proportional  to  the  amount  of  blight,  or  in  other  words, 
to  the  amount  of  impaired  vitality. 

13.  Some  variation  in  the  amount  of  blight  is  observed  in  differ- 
ent areas  on  every  infected  field;  these  irregularities  are  little 
influenced  by  fertility  or  drainage. 

14.  The  writer  has  studied  the  morphological,  cultural,  physi- 
cal and  biochemical  features  of  these  two  specific  bacteria,  and  find- 
ing they  differ  from  previously  described  organisms*,  they  have  been 
named  Iheudofnonas  avenae  n.  sp.  and  Bacillus  avenae  n.  sp. 

15.  The  difficulty  met  with  in  diseases  which  are  more  or  less 
soil  troubles,  that  is,  diseases  which  may  be  carried  for  several  years 
in  soil  without  the  presence  of  their  particular  hosts,  have  best  been 
overcome  by  breeding  and  selecting  resistant  strains. 

16.  From  observations  gained  through  artifical  inoculations 
and  from  conditions  as  they  appear  in  field  crops,  and  upon  the 
different  varieties  of  oats,  it  ^eems  to  the  writer,  that  there  is  a  good 
opportunity  for  selecting  resistant  strains. 
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W.  A    Lloyd,  B.S CooperatiTe  Ezperimeott 

W.  M.  Cook  A.  B CooperatiTe  EzperimenU 

W.  L.  Blsbr.  B.  S CooperatiTe  Experiments 

J.  S.  Hous^R,  B.  S.. Rntnmology 

W.  H  Goodwin  B.  S Bntomotogj 

L.  L.  Scott Knfomoiogj 
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J.  J.  Crumlby,  Ph.  D Porestrj 

P.  H.  Ballou Horticnltue 

Jos.  H.  GouBLBY,  B.  S Horticoltara 

A.  C.  Whittibb,  B.  a Natritkm 

R.  C.  CoLLi80N,M.  S Natritian 

R.  C.  E.  Wallacb,  B.  a Soils 

POREMBN  AND  CLERKa 

William  Holmbs,  Farm  Foteman Agronomj 

Charlbs  a.  Patton,  MiUorologicat  Obttrvtr Agrooomj 

Oba  Flack,  Foreman  of  Orchard* Hortiailtiue 
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Lbmubl  Habbold,  Clerh Administration 
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Yalbria  KiLXY,  Stenographer Forestrj 
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Edward  MoHN,  Supt.  Northeastern  Test- farm,  StrongsTille Administration 
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The  Bolletins  of  this  Station  are  Issued  at  irregular  Intarvals.  They  ara 
paged  oonseentlTely  and  an  index  is  included  with  tha  Annual  Rapoit,  whloh 
oonstltutes  tha  final  numbar  of  aaoh  yearly  volnma. 
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1o  His  Excellency^  Judson  Harmon,  Governor  of  Ohio: 

Sir:    In  obedience    to  the  requirements   of    Section    409-cc, 
Revised  Statutes  of  Ohio,  I  herewith  transmit  a  report  of  investi- 
gaticms  on  the  forest  conditions  of  Ohio,   made  by  the  Ohio  A^grri- 
cultural  Experiment  Station  during  the  year  1909. 
RespectfuHy  submitted, 

D.  L.  Sampson, 
Secretary  of  the  Board  of  ConiroL 


169 

Digitized  by  VjOOQIC 


Remnants  of  the  primeval  forest  showing  original  trees  of  the  white  oak  type 
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NOVBBIBER,    1909 


FOREST   CONDITIONS  IN    OHIO 
THIRD  ANNUAL  REPORT 


REPORT  OF  THE  DIRECTOR 

.  JoHK  CouRTRiGHT,  President  of  the  Board  of  Control: 

&r:  I  have  the  honor  of  submitting  herewith  the   third  annual 
of  the  Forester  of  this  Station  for  the  year  ending  November 

[Cooperative    forest   ivork:       The  cooperative  work  in    forest 

lent  at  the  Boys'  Industrial  School  at  Lancaster  is    being 

and  the  department  is  cooperating  in  the  management  of 

fctnral  forest  belonging  to  Kenyon  College,  Gambier;  in  the 

r  of  forest  trees  around  the  sources  of  water  supply  at  Ober- 

grounds  of  the  State  Reformatory  at  Mansfield,  and  the 

State  Hospital  for  the  treatment  of  tuberculosis  at  Mt.  Vernon. 

Advice  and  directions   for   the  improvement  of  woodlots   have 

I  given  to  a  considerable  number  of  land  owners.      The  number 

►  are  willing-  to   set  aside    their  woodlots  to  forestry  is  increasing 

I  year  and  there  are,  at  present,  606  who  are  cooperating  with 

"fStatwn  in  tree  planting,  and  263  who  have  applied  for  trees.      It 

'iTequently  happens   that  those  who  have  asked  for  trees   to 

} cleared  land  decide,  when  their  attention  is  called  to  the 

fh    fh        cauld.  do  better  to  devote  their  woodlots  to   perma- 

Xmat  ^^^y      tbsLn,  to  plant  on  cleared  ground.      This  feature 

ikestry  war  ^^^z^l  attention  because  the  necessity  for  it  is 
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The  forest  survey  has  been  very  useful  in  making*  possible  i 
study  of  the  forest  conditions  of  the  state;  in  learning:  the  attitudi 
of  land  owners  toward  forestry;  in  determining:  the  rate  of  growtl 
of  different  species  of  trees  and  their  adaptability  to  various  soils; 
in  creating  an  interest  in  forestry  and  in  helping  those  interested  te 
make  a  start  in  the  right  direction. 

The  survey  the  present  season  was  started  in  Greene  county, 
near  where  the  work  was  closed  the  previous  season.  Parties  desir- 
ing trees  have  been  visited,  also  those  wishing  to  improve  theii^ 
woodlots,  and  advice  has  been  given  as  to  the  best  method  of  proced- 
ure. Measurements  have  been  made  of  trees  in  planted  groves  and 
the  general  forest  conditions  noted. 

During  the  latter  part  of  the  season  the  work  was  carried  on  in 
Washington  and  Athens  counties.  Considerable  attention  was  g'iven 
in  these  counties  to  a  study  of  the  rate  of  growth  and  to  the  eflfect  of 
deforestation  on  steep  hillsides  in  permitting  erosion  and  landslides. 
A  very  serious  condition  is  found  to  exist  in  the  form  of  many 
eroded  hiiitops  and  valleys  covered  with  debris. 

An  effort  has  been  made  to  determine  the  percent  of  untiUable 
land  fit  only  for  forestry,  also  the  comparative  amount  of  so-called 
forest  which  is  in  a  productive  condition,  or  gives  promise  of  becom- 
ing so.  Complete  working  plans  have  been  made  of  some  large 
tracts. 

More  help  needed.  The  department  is  greatly  in  need  of  more 
trained  helpers.  But  little  of  the  field  work  can  be  done  except  by 
those  trained  under  conditions  which  exist  in  Ohio.  The  fact  that 
an  important  part  of  the  good  accomplished  by  the  survey  consists 
in  the  advice  given  to  the  owners  of  farm  woodlots  is  sufficient  to 
show  that  the  survey  should  be  conducted  by  men  experienced  in 
forestry. 

Increased  nursery  facilities  are  imperative.  To  propag^ate 
all  of  the  species  needed  for  woodlot  improvement  requires  more 
skill  and  entails  greater  expense  than  to  grow  catalpa  and  locust 
seedlings  for  grove  planting.  Besides  a  g:reat  number  of  trees  of 
all  species  need  to  be  grown.  It  is  not  practicable,  for  various 
reasons,  to  purchase  trees,  except  a  few  species,  hence  better  facil- 
ities for  growing  them  need  to  be  provided. 

Demonstration  necessary.  The  plan  of  furnishing  trees  to 
farmers  is  satisfactory  in  many  respects  but  does  not  meet  all  re- 
quirements. There  is  need  of  more  examples  of  woodlot  improve- 
ment. Such  illustrative  examples  should  be  more  permanent  in 
character  than  can  be  the  case  under  general  arrangements.  Such 
as  can  be  located  on  county  farms  and  state  institutions  can  serve  a 
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useful  purpose,  but  more  are  needed  than  can  be  located  in  this 
way.  More  and  better  examples  could  be  secured  if  it  were  possi- 
ble to  deal  somewhat  more  liberally  with  individuals;  but  if  towns, 
cities  or  counties  were  enabled  to  take  hold  of  the  matter  the  work 
could  be  put  on  a  more  permanent  basis. 

Forest  parks.  To  this  end  an  enabling  act  is  needed  to  permit 
municix>alities  and  counties  to  establish  forest  reserves  or  forest 
parks  in  cooperation  with  the  state.  Such  parks  would  serve  the 
double  purpose  of  parks  and  forests.  They  would  be  quite  differ- 
ent from  the  ordinary  city  parks,  costing*  far  less  to  establish  and 
maintain.  If  the  state  were  to  provide  the  superintendence  of^such 
forest  parks  the  work  could  be  made  somewhat  experimental  in 
nature  and  serve  as  a  demonstration  as  well. 

The  contact  of  the  Station  authorities  with  the  owners  of  wood- 
lots  has  shown  that  demonstration  forest  plots  are  greatly  needed. 
The  people  want  to  see  what  can  be  done  in  tree  culture  and  in  the 
care  of  woodlots. .  They  must  be  conviuced  by  actual  examples,  and 
these  illustrative  examples  must  be  numerous  enough  so  that 
various  methods  can  be  shown.  One  or  two  forest  parks  in  each 
county  would  be  none  too  many. 

Many  city  people  are  interested  in  forestry  and  such  examples 
would  be  of  great  value  to  them  as  well  as  to  farmers.  The  influ- 
ence for  grood  would  constantly  grow.  The  state  could,  in  this  way, 
come  into  virtual  control  of  considerable  forest  reserves. 

Respectfully  submitted, 

ChAS.  E.  Thorne, 

Director. 
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REPORT  OF  THE  FORESTER 
W.J.  ORSBN. 

A  complete  forest  survey  of  the  state  has  not  been  made  but 
the  work  has  progressed  far  enough  to  warrant  the  following 
conclusions: 

1.  The  quantity  of  good  merchantable  timber  in  the  state  is 
very  small.  Nearly  all  of  the  trees  which  are  now  being  cut  and 
marketed  are  defective  and  were  formerly  rejected  when  the  best 
timber  was  taken. 

2.  To  harvest  the  mature  trees,  which  remain,  in  order  to 
save  them  before  decay  has  gone  too  far,  is  a  matter  of  prudence 
rather  than  of  reckless  waste. 

3.  Many  of  the  mature  trees  of  our  forests  are  of  inferior 
species  and  are  detrimental  to  the  smaller  trees  which  surround 
them;  in  fact  they  are  weed  trees  and  ought  to  be  cut. 

4.  The  most  valuable  trees  of  our  forests  are  young  trees  of 
various  ages.  Their  value  is  measured  by  the  growth  which  they 
are  capable  of  making.  Well  stocked  young  forests  are  capable 
of  yielding  a  good  rate  of  interest,  even  on  land  worth  fifty  dollars 
per  acre. 

Forest  conservation  to  most  people  means  the  saving  of  mature 
trees,  and  nothing  more.  Real  conservation  takes  into  account  all 
that  is  of  value,  also  that  which  has  a  potential  value. 

Current  ideas  regarding  values  of  forest  products  need  an 
entire  reconstruction,  as  upon  a  proper  conception  of  what  con- 
stitutes the  most  essential  part  of  a  forest  rests  the  fundamental 
doctrine  of  conservation.  To  save  that  which  is  worth  but  little  and 
to  waste  that  which  is  full  of  possibilities  shows  wrong  ideas  re- 
garding values,  but  examples  of  this  kind  are  very  common.  Al- 
most every  one  appreciates  the  worth  of  a  large  oak,  walnut  or  pine 
tree,  but  to  most  people  a  seedling  of  the  same  species  is  nothing 
but  a  weed.  It  seems  hard  for  any  one,  who  has  not  studied  the 
rate  of  growth  of  trees,  to  realize  that  a  mature  tree  makes  but 
little  growth  and  is  worth  saving  only  as  long  as  it  remains  sound, 
while  a  thrifty  young  tree  is  growing  into  value  at  a  rapid  rate. 

A  mature  tree  is  an  insecure  investment  and  yields  a  very  low 

rate  of  interest.     Several  young  growing  trees  may  occupy  the  same 

space  as  one  large  one,  thus  dividing  the  risks,  and  adding  a   much 

greater  volume  by  growth. 
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The  early  settlers  wisely  set  aside  a  portion  of  each  farm  as  a 
woodlot,  but  they  had  almost  no  re^rd  for  any  except  the  larg'e, 
mature  trees. 

The  value  of  saw  timber  on  the  farm  has  never  been  questioned 
but  the  early  settlers  and  succeeding:  g'enerations  have  thoug'ht  of  it 
only  in  terms  of  larg-e  trees. 

Seeming^ly  almost  no  one  has  placed  any  present  or  future 
value  on  small  trees.  Forest  conservation  has  meant  nothing^  but  to 
save  the  large  trees. 

Down  to  the  present  time  there  has  been  almost  no  change  of 
sentiment  in  this  matter.  The  treatment  which  has  been  given  our 
forests  bears  out  the  truth  of  this  assertion.  A  change  of  senti- 
ment in  the  matter  is  imperative. 

But  little  will  be  done  in  the  care  of  our  timber  trees  until  we 
come  to  realize  that  forest  conservation  means  the  saving  of  trees  of 
all  ages  and  sizes.  This  is  not  enough.  We  must  learn  first  of  all 
that  the  thrifty  growing  trees  make  up  the  most  valuable  part  of 
the  majority  of  our  forests.  We  need  not  only  to  learn  the  value  of 
young  trees  but  that  in  giving  them  the  proper  care  we  are  creating 
conditions  which  are  the  most  favorable  for  the  preservation  of  the 
large  trees. 

It  seems  to  have  escaped  the  attention  of  the  general  public, 
including  the  majority  of  land  owners,  that  the  most  serious  forest 
destruction  which  is  now  going  on  in  this  state  is  confined  largely 
to  the  immature  trees.  Browsing  animals  annually  kill  or  maim 
millions  of  needling  trees.  Reproduction  is  thus  made  impossible; 
forest  conditions  are  destroyed;  the  large  trees  die  prematurely  and 
the  few  remaining  young  trees  fail  to  develop  properly. 

Comparatively  few  farmers  within  the  state  set  any  value  upon 
the  second-growth  forest  trees  in  their  woodlots.  After  the  mature 
trees  are  gone  many  owners  would  destroy  the  saplings  if  it  were 
not  for  the  cost  of  clearing  the  land.  There  are  more  land  owners 
who  are  desirous  of  planting  trees  on  cleared  land  than  there  are 
who  are  willing  to  save  and  care  for  the  native  forest  trees  in  their 
woodlots.  It  is  true  that  the  trees  in  many  woodlots  are  not  worth 
saving  and  caring  for  because  constant  pasturing  has  prevented 
reprodtiction.  Of  2,483  woodlots  examined  in  29  counties  of  the 
state  about  50  percent  are  of  this  class.  In  some  counties  practi- 
cally all  oi  the  woodlots  have  been  pastured  so  long  that  grass  has 
taken  possession  of  almost  the  entire  surface  of  the  ground.  In  the 
majority  of  such  cases  it  is  easier  and  better  to  plant  trees  on  till- 
able ground  than  to  start  them  in  sod,  but  in  other  counties  there 
are  many  woodlots  where  little  or  no  pasturing  has  been  done  and 
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r  stands  of  valuable  young  trees  are  found.  In  but  few  of  tbes< 
odlots  are  these  conditions  ideal,  but  the  cost  of  making  im 
jvement  cuttings  and  of  interplanting  is  far  less  than  to  replan 
jw.  There  are  considerable  numbers  of  young,  growing  forest: 
^hin  the  state  which  can  be  improved  and  made  valuable  at  a  nomi 
[  expense.  In  their  present  condition  some  of  them  are  not  wortl 
^ping,  but  many  are  well  worth  reconstructing. 

Such  young  forests  could  be  made  valuable  assets  within  a  ven 
V  years,  but  if  nothing  is  done  with  them  they  will  soon  be  be 
id  the  stage  of  reconstruction.  If  it  were  not  for  lack  of  botl 
Dwledge  and  faith  on  the  part  of  their  owners  the  necessar 
asures  would  be  taken  to  put  them  into  productive  condition. 

If  the  entire  income  of  the  state,  for  a  decade,  had  been  used  ii 
t  purchase  of  land  and  the  planting  of  forest  trees  we  would  hav^ 
more  acres  covered  than  we  now  have  in   second-growth  forests 

The  cost  of  these  forests  has  been  merely  nominal  and  has  no 
tn  felt.  Their  value  as  they  stand  would  run  into  the  millions 
ley  ofifer  fine  opportunities  for  the  investment  of  capital  in  th 
y  of  improvement.  But  they  are  generally  not  appreciated;  ii 
;t  most  of  them  would  be  destroyed  but  for  the  labor  required. 

The  investigations  of  the  Experiment  Station  show  that  th 
provement  of  the  best  of  these  woodlands  is  feasible  and  can  b 
le  with  profit.  A  few  farmers  have  become  convinced  and  hav 
^\in  the  work  of  improvement  but  a  start  has  hardly  been  made 
rest  improvement,  like  the  good  roads  movement,  is  a  matte 
ich  concerns  the  people  as  a  whole.  Just  how  the  farmer  ma 
financially  aided  to  any  extent  in  the  work  does  not  appear,  bu 
st  of  all  sentiment  must  be  created  and  then  numerous  example 
successful  treatment  of  timber  tracts  must  be  made.  What  t 
and  how  to  do  it  varies  according  to  locality  and  it  is  the  duty  c 
citizens  to  favor  any  means  which  will  multiply  illustrative  e3 
pies  of  forest  operations,  particularly  those  which  have  to  d 
th  the  protection  and  improvement  of  young  growing  foresti 
rtain  citizens  whose  interest  and  zeal  are  undoubted  can  b 
:ouraged  and  helped  to  do  forestry  work  of  a  more  or  less  pei 
.nent  character.  Some  very  excellent  work  can  be  done  in  thi 
inner,  and  such  work  is  now  in  progress  on  a  number  of  farm 
ere  the  owners  are  cooperating  with  the  Experiment  Statioi 
le  present  plan  does  not  admit  of  putting  the  work  on  a  sufficieni 
permanent  basis,  however. 
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COOPBRATION  WITH  PUBLIC  INSTITUTIONS 

There  are  four  state,  one  county,  one  municipal,  two  education- 
al and  two  charitable  institutions  now  cooperating*  with  the  Station 
in  forestry  work.  Nurseries  have  been  established  at  three  of 
these  institutions.  Work  of  this  kind  is  enhanced  in  value  because 
of  its  permanency.  Other  institutions  desire  to  take  up  such  work 
and  it  is  the  policy  of  the  Station  to  carry  on  as  much  of  it  as  means 
will  permit,  85,891  trees  have  been  furnished  for  this  puroose  ^nd 
about  290,000  seedlings  have  been  grown  at  these  institutions,  some 
of  which  are  now  in  the  seed  beds. 

The  Station  is  authorized  by  law  to  test  the  value  of  various 
species  of  trees  for  ornamental  planting.  Wherever  forestry  work 
is  done  by  the  Station  at  any  institution  and  a  nursery  established^ 
trees  for  ornamental  planting*  can  be  included. 

Not  only  can  a  considerable  saving*  to  the  institution  be  effected 
in  this  manner  but  the  Station  can,  from  time  to  time,  make  notes 
on  the  value  of  these  trees  for  landscape  work,  thus  extending  the 
scope  of  the  operations  already  in  progress  on  the  Station  farm. 

PORBST  CONSERVATION  CONCERNS  THE  CITY 
AS  WELL  AS  THE  PARM. 

Many  dwellers  in  towns  and  cities  feel  great  interest  in  forestry 
and  would  be  glad  to  give  active  aid  to  the  cause.  Some  are  doing 
so  by  the  improvement  of  forest  lands  which  they  own,  but  there 
are  greater  numbers  who  are  not  able  to  do  this  but  who  greatly 
desire  to  enjoy  the  forests  and  to  help  along  any  movement  tendingf 
to  their  improvement.  The  preservation  of  the  forests  for  natural 
scenery;  to  check  winds  and  hold  back  the  waters;  to  harbor  birds 
and  animals;  to  produce  materials  for  building  and  manufacturing^ 
are  matters  which  concern  city  people  as  well  as  those  who  dwell  on 
farms. 

The  obligation  to  protect  the  forests  rests  upon  all  and  the 
opportunity  to  enjoy  them  should  be  enjoyed  by  all.  Cities 
should  own  forest  parks  in  which  the  design  should  be  to  get  away 
from  the  conventional  and  costly  style  of  landscape  gardening  now 
so  common  in  city  parks. 

Such  parks,  if  made  as  natural  as  possible,  would  cost  far  less 
to  establish  and  maintain  than  city  parks  and  would  serve  many 
purposes.  They  would  help  to  arouse  an  interest  in  forestry  and 
to  show  its  practicability.  They  would  afford  means  of  recreation 
and  study,  supplementing^  the  courses  in    school.      If    the    Station 
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were  enabled  to  cooperate  in  the  establishment  and  maintenance  of 
Such  forest  parks  the  arrangement  would  be  mutually  helpful,  since 
the  work  would  be  started  along  forestry  rather  than  ornamental 
lines  and  its  permanency  would  be  reasonably  sure. 

THB  INTBRBST  IN  PORBSTRY  IS  INCRBASINQ. 

It  does  not  seem  advisable  at  present  to  discontinue  cooperative 
tree  planting  with  farmers,  but  the  interest  in  this  phase  of  fores- 
try is  such  that  there  is  less  need  of  fostering*  it  than  was  the  case 
a  few  years  ago.  The  chief  work  which  now  needs  to  be  done  on 
the  farm,  as  above  stated,  is  to  encourage  the  care  of  woodlots. 

It  is  gratifying  to  note  that  the  interest  in  forestry  within  the 
state  is  constantly  growing  and  that  the  number  of  trees  planted 
each  year  is  increasing. 

Catalpa  and  locust  are  the  species  which  have  been  planted 
more  than  any  others.  These  are  valuable  for  certain  purposes 
but  our  best  native  trees  ought  not  to  be  neglected,  as  seems  likely 
that  they  will  be  unless  more  interest  can  be  awakened  in  woodlot 
improvement.  A  considerable  change  in  sentiment  is  apparent 
however.  As  showing,  to  some  extent,  the  awakened  Interest  in 
various  phases  of  forestry,  it  may  be  stated  that  during  the  winter 
and  spring  months  of  1909  the  average  number  of  letters  per  month 
sent  out  by  the  department  was  223,  the  total  for  the  year  amount- 
ing to  1,472.  More  than  50  lectures  were  delivered  and  about  300 
visits  made  to  those  who  desired  help  in  forestry  work. 
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The  shaded  area  indicates  the  counties  wholly  or  partially  covered 
in  the  reconnaissance  survey 

A — represents  the  numher  of  cooperative  plots 

B — represents  the  number  of  woodlots  examined 

C — represents  number  of  acres  in  woodlots  examined  for  each  county 


Clermont  County 

A- 10 

B-    7 

C-148 
Brown  County 
-  A-    7 

B-   8 

C-148 
Meiffs  County 

A-   6 

B-16 

CHSW 


Warren  County 

A-     7 

B-     7 

C-148 

Hiffhland  County 

A-    11 

B-     5 

C-127 

Washinrton  County 

A-    14 

B—    62 

C-1450 


Greene  County 
A-    17 
B-    17 
C-502 
Athens  County 
A-     5 
B-     3 
C-6095 
Wa3me  County 
A-    11 
B-106 
C-1790 
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A  RECONNAISSANCE  FOREST  SURVEY 

BY  BDMUND  8BCRB8T 

Continuingr  the  policy  of  making'  a  reconnaisance  survey  of  the 
forest  resources  of  the  state,  initiated  in  1907,  the  Station  has  during 
the  past  season  been  conducting  a  research  into  the  forest  conditions 
of  a  portion  of  the  state,  with  a  view  as  heretofore  to  determining 
the  existing  conditions  of  the  native  forest  lands,  and  for  the  purpose 
of  studying  the  various  artificial  plantations,  established  by  land 
owners  in  cooperation  with  the  Station. 

Special  attention  was  given  to  the  study  of  the  native  woodlots, 
and  to  the  making  of  plans  of  operation  for  those  interested  and 
wishing  state  aid.  Preliminary  steps  toward  making  working  plans 
were  taken  in  the  case  of  several  large  tracts.  By  another  year 
data  of  this  nature  will  be  available  for  publication. 

TERRITORY  COVERED 

The  initial  work  begun  and  territory  wholly  or  partially  covered 
by  the  survey  includes  the  counties  of  Wayne,  Greene,  Highland, 
Warren,  Clermont,  Washington  and  Athens.  Aside  from  this  terri- 
tory numerous  parties  living  in  adjacent  counties  were  seen  upon 
request  for  the  purpose  of  woodlot  examinations. 

WAYNE  COUNTY 

Geographically,  Wayne  county  is  situated  in  northeastern  Ohio, 
in  the  heart  of  one  of  the  excellent  agricultural  areas  of  the  state. 

It  is  situated  very  near  the,  dividing  line  between  the  waters  of 
the  Lake  and  the  Ohio  River  and  upon  the  northern  margin  of  the 
coal  regions.  Two  deep  preglacial  channels  traverse  the  county. 
One  of  these  enters  Milton  township  from  the  north,  divides  into 
two  branches,  one  of  which  extends  southeastwardly  along  the 
valley  of  Chippewa  creek  into  Baughman  township,  where  it  expands 
into  a  broad  swamp,  which  was  doubtless  the  site  of  a  prehistoric 
lake.  The  other  branch  from  this  channel  extends  southward,  pas- 
sing east  of  Wooster  and  forming  the  valleys  occupied  by  the  two 
branches  of  Applecreek,  leaving  the  county  at  Fredricksburg.  The 
second  main  channel  forms  the  valley  now  occupied  by  Killbuck 
creek.  It  enters  the  county  near  the  east  half  of  Congress  township 
and  extends  on  south  through  the  county,  a  branch  leaving  it  at 
Millbrook  which  passes  out  at  the  southwest  corner  of  the  county. 
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In  places  these  channels  expand  into  fertile  alluvial  plains;  in  others, 
they  are  of  a  swamp-like  nature  indicating  location  of  prehistoric 
shallow  lakes.  There  are  no  high  hills  in  the  county  nor  very 
abrupt  topographical  features.  Gently  rolling  hills  form  the  surface 
features  in  general,  and  these  are  greatly  modified  in  many  places 
by  deep  deposits  of  drift  clay.  Throughout  the  county  there  is  a 
series  of  glacial  lakes,  taking  for  their  sites  the  old  prehistoric  chan- 
nels previously  mentioned.  These  lakes  are  gradually  being  filled 
by  silt  from  the  hillside  v^^sh. 

In  a  recent  soil  survey  by  the  U.  S.  Department  of  Agriculture 
the  soils  of  a  large  part  of  Wayne  county  were  described  and  classi- 
fied. The  four  important  types  which  will  receive  mention  here 
are  the  Volusia  silt  loam,  the  Miami  clay  loam,  the  Yazoo  clay  and 
the  Peat.  The  area  of  the  last  two  is  restricted  and  confined  mostly 
to  the  proximity  of  the  glacial  lakes,  marshes  and  swamps.  These 
classifications  are  closely  associated  with  forest  types.  A  small  part 
of  the  townships  of  Canaan,  Milton,  Greene  and  Franklin,  and  pract- 
ically all  of  Chippewa,  Baughman,  Sugar  creek.  Paint,  East  Union 
and  SaH  Creek  are  included  in  the  carboniferous  or  coal  zone.  The 
other  portions  of  the  county  are  of  Waverly  formation. 

The  soils  are  the  result  of  glacial  drift,  modified  by  the  Waver- 
ly shales  and  sandstones.  The  principal  streams  are  Killbuck  creek 
on  the  west  and  Chippewa  and  Sugar  creeks  in  the  eastern  part  of 
the  county. 

CLASSIFICATION  OP  ARBAS 

Each  distinct  soil  type  previously  mentioned  is  represented  by 
a  peculiarity  of  forest  growth.  Three  distinct  types  are  easily 
recognizable  and  the  line  of  demarcation  is  often  quite  sharply 
defined.    These  types  are  as  follows: 

1.     The  White  Oak  type 

-2.     The  Beech-Maple  type 

3.     The  Swamp  type 

In  certain  sections  of  the  county  types  Nos.  1  and  2  lose  their 
distinctive  characteristics  and  become  more  or  less  fused.  This  is 
particularly  true  through  parts  of  Chippewa  and  Baughman  town- 
ships. 

The  white  oak  type  is  characterized  by  a  once  luxuriant 
primeval  forest  of  white  oak,  having  for  its  underwood  a  dense 
growth  of  dogwood.  Upon  the  removal  of  the  large  white  oaks  there 
sprang  up  a  growth  of  black  and  scarlet  oaks  with  a  slight  admixture 
of  white  and  red  oak  and  maple.  The  latter  frequently  associates 
with  dogwood  in  the  formation  of  the  ground  cover.  There  is,  of 
course,  an  occasional   admixture    of  other   species,  as  beech,  ash 
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The  following:  tables  indicate  the  reversion  of  the  g-rowth  in  the 
white  oak  woodlot. 

AVBRAQB  RBPRODUCnON  OP  AN  ARBA  25  PBBT  SQUARB 

Species  Number  seedlings 

Red  Maple 480 

Dogwood 55 

Black  Oak , 35 

Cherry  20 

IroDwood 11 

White  Oak !.     12 

Pignut  Hickory 4 

Chestnut. 4 

In  this  case  the  more  inferior  species  have  almost  taken  posses- 
sion. The  following:  data  represent  the  type  of  woodlot  seeded  to 
vlute  ash: 

REPRODUCTION  OP  AN  ARBA  25  PBBT  SQUARB  WHBRB 
WHITB  ASH  PRBPONDBRATBS 

cies  Number  seedlings 

White  Ash 176 

,  Hockernut  Hickory 5 

Bogwood 4 

Bed  Maple 3 

Black  Cherry 3 

Ironwood 1 

Black  Oak 1 

Red  Oak 1 

woodlot  from  which  these  data  were  taken  is  a  splendid 
>le  of  the  unpastured  woodlot  of  this  type  when  ash  seed    trees 
•esent,  and   when  the   dogwood  and  ironwood  have  not  had 
pilH&yiis  possession. 

Occasionally  the  white  oak  does  reproduce  and  that  usually  in 
siadl  groups  of  extremely  dense  stands.  Considerable  light,  and  a 
pktttiful  supply  of  leaf  mulch  and  moisture,  seem  to  be  the  con- 
dtffans  required. 

THB  BBBCH-MAPLK  TYPB 

The  predominating  trees  are  the  beech  Fagus  Americana^  and 
the  sugar  maple  Acer  saccharum\  associated  with  these  species, 
may  be  found  in  varying  numbers,  tulip  poplar  white  wood,  Lirio- 
dendron  tulipifera^  red  maple  Acer  rubrum^  black  cherry  Prunus 
serotina^  white  ash  Fraxinus  Americana^  ironwood  Ostrya  Vir- 
giniana^  blue  or  water  beech  Carpinus  Caroliniana^  shellbark 
hickory  Hicoria  ovata^  mockemut  hickory  Hicoria  alba^  cucum- 
ber tree  Magnolia  acuminata^  and  occasionally  chestnut  Castanea 
dentala. 
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Catalpa  planted  in  an  open  space  in  the  woods.     3  years  growth 
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ty  loam,  and  is  classified  by  the  U. 
clay  loam.  Where  conditions  are 
^lar  maple  usually  preponderates. 
I  takes  complete  possession,  to  the 
lite  oak  also  frequently  reproduces 
und  in  mixtures  in  a  g^reater  or  less 


MAPLE  TYPE.  AREA  20  PBBT  SQUARC 

Number  Seedlings 

101 

99 

10 

9 

1  trees  in  the  above  plot,  because 
s"  of  that  species.  This  area  is  a 
woodlot. 

VAMP  TYPE 

g^lacial  lakes,  swamps  and  marshes 
rainage  has  been  restricted.  The 
ie  silver  maple  Acer  saccharinum^ 
mp  white  oak  Querctis  platinoides^ 
irr  oak  Quercus  macrocarpa^  white 
occasionally  the  tamarack  Lartx 
i  it  usually  preponderates,  likewise 
nd  in  the  northeastern  part  of  the 
arable  quantity.  The  pin  oak  occurs 
Tts  of  the  Killbuck  Valley. 

r  CONDITIONS 

line  woodlots  in  this  county  were 

survey,  and  detailed   reports  were 

twelve.     Eighteen  percent  of  these 

dition  as  a  result   of  not  being*  pas- 

fficient  young  growth  for  regenera- 

pastured,    but  either  contain  suf- 

the  area  or  are  in  such    condition 

The  remaining  thirty-three  per- 

.sture    containing  an  under-normal 

stand  of  either  matured  trees  or  culls  and  having  no  young  growth. 

The  ground  is  covered  with  a  heavy  sod  and   reconstruction   by 

natural  means  is  impractical  and  many  times  impossible. 
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Wayne  County  contains  more  profitable  farm  woodlots  than 
other  strictly  agricultural  county  in  the  state.  There  still  ren 
many  thousand  feet  of  oak,  chestnut,  beech  and  maple  fit  for 
saw.  It  must  be  said,  however,  on  the  whole,  that  poor  forest  ( 
ditions  exist.  Regeneration  does  not  occur  as  it  should,  due 
numerous  reasons.  As  elsewhere  in  Ohio,  the  potent  factor  ir 
encing:  the  regeneration  of  the  woodlot  is  the  pasturing  of  the  foi 
by  live  stock.  Practically  80  percent  of  the  standing  woodlots 
thus  abused.  It  is  true  that  this  pernicious  habit  has  apparentl.v 
direct  influence  on  the  forest  growth — it  does  not  afifect  the  matu 
or  nearly   matured  trees,   but  in  the  management  of  a  woodlot 


Digitized  by 


Google 


FOREST  CONDITIONS  IN  OHIO  187 

future  growth  the  strict  exclusion  of  live  stock  must  be  enforced  for 
all  time  to  come.  Were  the  losses  incident  to  this  practice  g-enerally 
knoT^Ti  it  would  be  larg^ely  discontinued.  A  woodlot  is  pastured  not 
because  of  the  nourishment  derived  but  for  the  sake  of  the  shade, 
and  because  the  resulting  evils  are  not  recognized.  The  fact  that 
the  e£Fects  of  grazing  are  insidious  is  one  of  the  gravest  dangers 
confronting  the  perpetuation  of  the  woodlot.  With  the  passing  of 
the  existing  growth  the  woodlot  ceases  to  exist,  because  there  are  no 
young  trees,  or  they  are  of  such  species  and  quality  that  they  possess 
no  value. 

The  average  value  of  the  woods  pasture,  as  given  by  owners, 
does  not  exceed  21  3-5  cents  per  acre  per  annum,  while  that  of  a 
properly  stocked  unpastured  woodlot  under  favorable  conditions  and 
ivithout  any  system  of  management  will  pay  at  least  two  dollars  per 

per  annum  and  usually  more  in  the  wood  product  it  yields. 


THB  UNPASTURED  WOODLOT 

V  About  eighteen  percent  of  the  timber  area  in  Wayne  County  is 
ftim  fair  sylvicultural  condition  as  a  result  of  live  stock  exclusion. 
flPhese  areas  have  been  under  no  system  of  management,  but  are 
tterely  the  results  of  nature's  endeavor  to  propagate  her  kind. 
Where  conditions  have  been  favorable  considerable  young  growth  of 
iblue  may  be  found.  In  others  nothing  but  worthless  underbrush 
Itmains  to  succeed  the  present  growth. 

i  The  two  types  of  forest  figure  prominently  in  the  regeneration 
WFOodlots.  Generally  speaking,  the  beech-maple  type  reproduces 
j||ire  freely  and  under  more  adverse  conditions  than  the  white  oak 
fjpe,  unless  the  latter  contains  ash.  When  this  is  the  case  that 
species  is  inclined  to  reproduce  freely,  assuming  of  course  that  the 
trees  are  good  seed  bearers.  Throughout  the  southern  part  of  the 
county  this  condition  is  unfortunately  not  frequently  met  with.  The 
great  majority  are  reproducing  to  the  common  flowering  dogwood, 
which  in  many  cases  has  taken  entire  possession  of  a  woodlot,  ex- 
cluding any  other  valuable  species  which  might  otherwise  take 
possession.  No  doubt  the  dogwood,  when  the  stand  is  not  too  dense, 
often  aids  the  ash  and  other  species  in  establishing  themselves  but 
such  does  not  seem  to  be  the  case  in  this  county,  where  the  dogwood 
grows  in  remarkably  dense  stands. 

The  beech-maple  type  on  the  other  hand  reproduces  to  iron- 
wood,  maple,  ash,  and  occasionally  tulip  poplar.  While  the  type  is 
characterized  by  large  specimens  of  beech  there  is  usually  little 
reproduction  of  that  species.  Its  production  of  seed  is  uncertain. 
Sugar  maple  and  ironwood  constitute  the  prevailing  reproduction. 
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the  stand,  the  growing"  value  of  which  is  practically  nil.  The  ground 
cover  consists  of  grass,  which  has  encroached  upon  the  area  as  a  re- 
sult of  the  constant  sweeping  of  winds,  and  the  consequent  removal 
of  the  litter.  Thus  conditions  for  natural  regeneration  are  de- 
stroyed and  the  encroachment  is  constantly  extending  inward. 

Another  portion  of  this  woodlot  contains  a  dense  stand  of  older 
and  larger  trees  and  less  young  growth.  The  ironwood  exists  in 
considerable  quantity,  being  seeded  from  a  very  few  matured  seed 
trees.  A  number  of  white  ash  seedlings  are  interspersed  among 
the  ironwood,  but  the  latter  preponderates.  With  the  exception  of 
the  strip  along  the  west  side  of  the  woodlot  the  leaf  mulch  is  well 
preserved  and  hence  conditions  for  germination  of  seed  are  good. 

PLANS  FOR  IMPROVBMSNT 

Before  attempting  operations  in  a  woodlot  of  this  kind  one  should 
have  in  mind  a  definite  plan  or  ideal  condition.  A  fundamental  con- 
sideration would  be  the  needs  which  the  timber  must  supply.  The 
initial  operations  on  the  above  described  woodlot  would  be  the 
removal  of  the  weed  trees.  This  class  includes  the  ironwood,  the 
bhck  gum  and  in  some  cases  the  dogwood.  The  ironwood  is  a  pro- 
lific seeder  and  in  this  woodlot  as  well  as  many  others  of  its  type  has 
taken  entire  possession  of  areas  which  might  otherwise  have  been 
occtipied  by  the  ash.  In  some  cases  a  certain  amount  of  ironwood 
seeding  is  beneficial  to  a  woodlot,  as  it  is  an  excellent  species  to  pre- 
serve a  ground  cover  and  leaf  mulch,  but  where  too  dense  it  is  detri- 
mental. The  safest  plan  is  to  remove  the  seed  trees  as  soon  as 
possible.  The  next  operation  would  be  the  removal  of  the  matured 
tree* — those  which  are  marketable.  This  operation  will  remove  the 
hxge  white  oaks  which  are  standing  in  the  open  strip  which  is  on 
the  west  l)oundary  of  the  lot.  Those  trees  which  are  suppressing 
the  young  ash  unless  of  special  value  should  also  go.  The  space 
created  in  the  interior  of  the  woodlot  by  the  removal  of  the  large 
trees  will  doubtless  be  seeded  naturally  to  ash,  which  would  be  an 
economical  means  of  securing  a  stand  of  this  valuable  species.  Or  if 
post  timbers  are  desired  the  locust,  catalpa  or  osage  orange  could 
be  interplanted  in  these  places.  The  strip  along  the  west  side  of  the 
lot  approximately  one  hundred  feet  wide  could  be  planted  in  a  num- 
ber of  ways.  The  outer  row  of  trees,  however,  should  be  evergreens. 
White  pine  or  Norway  spruce  would  be  best  suited  for  this  purpose. 
Considerable  advantage  could  be  secured  by  planting  the  first  row 
or  two  on  the  west  side  to  Norway  spruce  and  four  or  five  rows  on 
the  inner  side  to  white  pine.  The  trees  may  be  put  in  eight  or  ten 
foot  rows  and  the  same  distance  apart  In  the  rows.     The  spruce  is 
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more  rig^id  and  better  able  to  withstand  the  force  of  the  wind  tha 
the  white  pine,  hence  it  is  an  excellent  tree  for  the  outer  row.  Tt 
rate  of  growth  of  the  two  species  is  approximately  the  same.  Tt 
areas  inside  the  evergreen  belt  may  be  planted  either  to  locus 
catalpa  or  osage  orange.  In  this  case  the  locust  is  better  suited  i 
the  soil  conditions.  It  could  be  planted  in  rows  ten  feet  apart,  wit 
the  trees  five  feet  apart  in  the  row.  The  sod  where  the  pine  an 
locust  are  to  be  planted  should  be  broken  if  possible.  A  bull  tongu 
plow  would  be  a  good  implement  for  this  purpose. 

IMPROVBMBNT  OP  THE  BBBCHIfAPLB  WOODLOT 

A  good  representation  of  this  type  is  the  woodlot  owned  by  Mi 
J.  E.  Snyder,  located  one  and  one-half  miles  south  of  Burbank,  i 
Canaan  Township. 

CHARACTBR  OP  GROWTH 

The  growth  is  mixed,  both  as  regards  size  and  species,  wit 
sugar  maple  preponderating.  Aside  from  this  white  ash,  red  an 
white  oak,  beech,  mockernut  hickory,  ironwood,  white  elm  and  blaci 
cherry  form  the  species.  There  is  considerable  reproduction  o 
sugar  maple,  white  ash  and  ironwood. 

The  second  growth  and  matured  trees  combined  form  a  fairl] 
normal  stand.  There  are  a  number  of  small  openings  fairly  wel 
stocked  with  reproduction  of  ash,  maple,  elm  and  ironwood. 

Another  portion  of  this  woodlot  is  practically  of  the  same  com 
position,  having  possibly  more  matured  beech,  but  has  been  graze( 
for  manj'  years.  No  reproduction  or  second-growth  of  any  descrip 
tion  exists,  and  the  ground  cover  is  grass. 

On  the  west  of  the  woodlot  is  a  ravine  running  the  entire  length 
The  ground  is  quite  densely  shaded  by  large  beech  and  maple  and  i 
entirely  bare  of  any  grass  or  ground  cover. 

PLANS  POR  IMPROVBMBNT 

This  woodlot  is  primarily  desired  for  the  revenue  it  yields  in  th 
production  of  maple  syrup.  It  is  also  very  favorably  situated  fo 
windbreak  utility,  and  aside  from  these  important  features  th' 
owner  desires  wood  products  and  wishes  to  maintain  it  for  thes^ 
reasons. 

The  first  and  fundamental  principle  for  improvement  is  the  ex 
elusion  of  live  stock;  without  this  nothing  can  be  accomplished.  Th 
removal  of  the  ironwood  and  beech  should  be  the  next  consideration 
The  former  has  seeded  considerable  area  to  no  advantage,  and  ther< 
yet  remain  spots  which  are  in  need  of  reproduction.  A  thinning  o 
large  beech  and  maple  along  the  slopes  of  the  ravine  should  be  made 
so  that  sufficient  light  may  enter  to  encourage  reproduction  of  th( 
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maple,  which  would  immediately  take  place  here.  The  removal  of 
the  beech  from  the  entire  woodlot  should  be  accomplished  in  time, 
although  a  clear  cutting  of  that  species  should  not  be  attempted.  It 
would  be  better  to  remove  them  slowly  in  order  that  they  may 
protect  the  tall  and  shallow  rooted  maples  from  the  force  of  high 
winds  which  have  been  such  a  potent  factor  in  the  destruction  of 
maple  groves  during  recent  years.  In  order  to  promote  the  longev- 
ity of  the  large  sugar  maple  the  ground  should  be  protected  by  a 
mulch,  the  preservation  of  which  is  due  to  a  growth  of  under  brush. 
Therefore  this  growth  should  be  encouraged  as  much  as  possible 
and  it  is  desirable  that  it  be  a  growth  of  some  value  which  will 
ultimately  replace  the  older  trees. 

A  vacant  space  or  two  exists  where  the  soil  is  fertile  and  catalpa 
might  be  planted  at  a  distance  of  six  or  eight  feet  apart  each  way. 

Locust  can  be  planted  on  each  side  of  the  ravine,  after  a  part  of 
the  beeches  are  removed.  The  locust  can  be- planted  six  feet  apart 
each  way,  and  plowing  or  cultivation  in  this  case  would  not  be 
practical. 

The  pastured  portion  of  the  woodlot  is  not  worth  reconstruct- 
ing, owing  to  the  absence  of  young  growth  and  the  almost  hopeless 
condition  of  the  ground  cover.  Natural  regeneration  of  desired 
species  would  not  occur  and  the  existing  growth  is  matured  and  of 
inferior  species. 

GREENE  COUNTY 
LOCATION  AND  TOPOGRAPHY 

Greene  County  is  located  in  the  heart  of  the  great  agricultural 
belt  of  Ohio.  There  is  practically  no  waste  land  resulting  from 
topographical  conditions.  The  eastern  portion  of  the  county  is 
level,  verging  into  rolling  in  the  north  portion.  A  part  of  the 
north  townships  is  traversed  by  the  deep  and  comparatively  narrow 
gorge  of  the  Little  Miami,  which  forms  an  excellent  example  of 
geological  erosion.  This  gorge  is  not  over  a  few  miles  in  extent, 
but  is  a  striking  topographical  feature  of  that  section.  It  is  cut 
through  ledges  of  the  Niagara  group  of  limestone,  and  finally  broad- 
ens out  into  a  narrow  river  valley. 

The  Little  Miami  River,  which  traverses  the  northern  and 
western  portions  of  the  county,  and  its  tributaries,  Massie's  creek 
and  Caesar's  creek,  are  the  chief  sources  of  drainage.  The  compar- 
atively broad  valley  of  the  Miami  in  the  western  part  of  the  county 
was  doubtless  opened  out  by  glacial  erosion. 
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the  total  number  examined  were  mere  woodland  pastures  containing' 
no  young:  growth.  The  growing:  value  of  the  trees  is  "practically 
nothing.  The  ground  cover  is  a  heavy  sod  and  the  conditions  for 
their  reproduction  are  hopeless.  Such  areas  will  soon  cease  to  exist. 
The  forest  tracts  of  Greene  County  consist  of  irregular,  detach- 
ed bodies  of  woodland,  the  majority  of  which  are  remnants  of  the 
virgin  forest,  and  woodland  pastures.  The  former  are  few  and  the 
latter  comparatively  many.  It  would  not  seem  strange  that  forest 
tracts  of  any  size  do  not  exist  in  Greene  County,  where  the  land  is  of 
the  best  for  agriculture  and  is  valued  at  $100.00  per  acre  and  upward. 
This  must  be  expected,  and  will  of  necessity  exist.  Yet  there  are 
thousands  of  acres  of  so-called   timberland  which  is  by  no  means 

;ed  as  woodland  pasture  do  not  yield 
thing  near  what  they  are  capable  of 
I  production  is  practically  nil.  If  the 
;  is  a  utility  very  much  abused,  for 
•e  formidable  barriers  affecting  the 
tralue.  On  the  other  hand,  under  the 
the  woodlot  has  no  growing  value; 
e  fast  declining,  owing  to  the  absence 
and  reproduction.  As  a  barrier  to 
e  useless  each  year,  and  after  each 
id  tale  of  their  neglect  and  decline  in 

,  acre  for  acre,  cannot  compete  with 
it  yields  for  farm  use  and  its  almost 
k,  warrant   the  setting  aside  of    a 
voodlot  purposes. 

)T  CONDITIONS 
TVPBS 

There  are  only  two  types  of  forest  distinguishable  and  they  are 
not  absolute. 

The  Oak  Type,  in  which  the  white  oak,  black,  scarlet  and  red 
oak  occur  in  mixtures  in  a  greater  or  less  degree  with  white  ash, 
mockernut  and  shellbark  hickories,  red  and  white  elm,  red  maple, 
sassafras,  black  cherry,  dogwood,  ironwood  and  mulberry;  the  young 
growth  is  usually  ash,  maple,  ironwood,  sassafras  and  blue  beech. 

The  River  Type,  being  most  prominent  in  the  valley  and  flood 
plains  of  the  Little  Miami  River.  The  large  sugar  maple  and  black 
walnut  and  white  elm  are  characteristic  species,  which  originally 
occupied  these  areas.    Occasionally  the  Cottonwood  occurs. 
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THB  BAKBR  WOODLOT 

This  woodlot,  consisting'  of  about  fifteen  acres,  situated  about 
three  miles  south  of  Cedarville,  in  Ross  Township,  is  probably  the 
best  representative  of  this  type  found.  It  was  at  one  time  severely 
called,  but  live  stock  had  been  excluded  for  many  years,  and  it  is 
DOW  in  g:ood  condition.  The  species  found  are  the  white  ash,  shell- 
bark  hickory,  white,  red,  shingle,  burr,  black  and  swamp  oak,  white 
and  red  elm,  red  and  sugar  maple,  sassafras,  basswood,  black 
walnut,  ironwood,  blue  beech,  dogwood,  and  black  cherry.  The 
matured  or  culled  trees  comprise  mostly  the  oak,  ash  and  hickory. 

With  the  exception  of  about  five  percent  the  area  is  normally 

nd  second  growth.  The  composition 
•ollowing  table: 

IND  ON  ONB-POURTH  ACRB  PLOT 

Number  seedling's 

154 

35 

14 

7 

4 

3 

2 

2 

1 

1 

ze  from  one  to  six  inches  in  diameter, 
s  a  conspicuous  absence  of  weed  trees 
in  a  woodlot  of  this  type. 

POR  IMPROVBMBNT 

The  first  thing  to  consider  here  is  the  removal  of  the  large  cull 
trees;  although  in  this  particular  case  they  are  high  headed  and  do 
not  seem  to  be  doing  serious  damage  to  young  growth.  Yet  they 
are  mature  and  should  be  marketed.  Their  removal  will  create  very 
small  spaces.  The  removal  of  all  ironwood,  blue  beech  and  sassafras 
seed  trees  should  be  accomplished  as  soon  as  possible  thereafter,  to 
prevent  any  seeding  of  the  open  spaces  by  these  species.  A  few 
inferior  mature  ash  trees  should  be  left  standing  to  reseed  when 
necessary. 

The  utmost  care  should  be  taken  in  logging  the  area.  The 
growth  is  so  dense  that  careless  felling  of  trees  and  skidding  and 
transporting  of  logs  would  do  material  damage  to  the  young  growth 
and  perhaps  ruin  considerable  of  it.     Lumbering  operations  would 
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best  be  carried  on  in  the  fall  or  winter  and  not  in  the  spring  whec 
the  twigfs  of  the  young-  trees  are  succulent  and  easily  damaged 
Aside  from  the  operations  mentioned,  and  the  strict  reserve  from 
g-razing  purposes,  very  little  can  be  done  to  better  the  conditions. 

THE  WHITBLAW  REID  WOODLOT 
LOCATION  AND  AREA 

This  woodlot  is  located  in  Cedarville  Township,  about  two  miles 
north  of  the  village  of  Cedarville.  It  consists  of  about  thirty-five 
acres. 

DESCRIPTION  OP  GROWTH 

The  woodlot  consists  of  a  mixed  growth.  There 
average  about  twelve  large  matured  trees  per  acre, 
among  these  trees  is  second  growth  of  many  sizes  ranging 
lings  a  foot  high  to  trees  eight  or  ten  inches  in  diameter 
feet  high.  The  area  is  not  normally  stocked.  The  yoi 
is  grouped  to  a  large  extent  and  there  are  many  spaces  v 
be  in  trees.  Approximately  twenty-five  years  ago  the  ow 
ed  live  stock  and  planted  a  number  of  white  pine,  Scotcl 
sugar  maple  in  open  places  among  the  now  mature  tre( 
side  of  the  woodlot  there  are  four  groves,  respective 
locust,  catalpa,  black  cherry  and  Scotch  pine.  While  th 
evidently  adapted  to  the  growth  of  the  white  pine,  it 
fairly  well  under  the  adverse  conditions.  On  the  slopes 
which  traverses  the  woodlot  they  have  attained  their  b 
While  the  trees  have  splendid  form  they  have  in  but  few 
planted  densely  enough,  nor  have  they  had  enough  other 
them  to  aid  in  proper  pruning.  Some  of  the  pines  are  d 
ently  from  blight,  the  cause  of  which  is  not  known, 
maples  are  apparently  well  adapted  although  not  native  t 
lot.     They  have  outgrown  the  white  pine. 

AVERAGE  GROWTH  OP  WHITE  PINE  AND  SUGAR  MAPLE  UN 
SIMILAR  CONDITIONS  IN  REID  WOODS 

White  Pine 

Diameter  4^  feet  from  ground 5.1  inches 

Height     28  feet 

The  black  cherry,  probably  the  only  planted  grove  i: 
has  not  done  as  well  as  might  be  expected.  Its  growtl 
slow,  and  the  trees  as  they  stand  are  not  thrifty.  The  c 
a  mixture  of  the  two  species,  there  being  both  the  bignoi 
the  speciosa.     Close  planting  with  lack  of  thinning  has 
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injured  their  development.  The  Scotch  pine  are  the  most  thrifty  of 
the  planted  groves.  They  lack,  however,  the  erectness  of  form  so 
characteristic  of  the  white  pine,  but  are  without  doubt  more  hardy 
and  better  adapted  to  the  conditions  of  the  soil. 

SUQOBSTIONS  FOR  FURTHER  nCPROVBMBNT 

On  the  whole  the  planting^  thus  far  has  been  encourag'ing. 
Some  cbang^es  in  the  selection  of  species  would  be  advisable.  It 
would  probably  be  better  to  substitute  the  Austrian  pine  for  the 
White,  as  the  former  species  tolerates  the  heavier  soil  and  the  lime- 
stone formation  better  than  the  latter.  The  Scotch  pine  appears  to 
thrive,  but  its  habit  of  growth  lowers  the  quality  of  its  lumber.  The 
sugar  maple  has  thrived  as  well  as  could  be  expected  for  that  species. 
The  reproduction  and  second  growth  as  it  now  stands  is  consider- 
ably grouped.     The  spaces  should  be  planted. 


Negathft  hv  SponsUr 
A  three  year  old  locust  grove,  Washington  county 

There  are  but  few  weed  trees  to  be  found,  but  a  considerable 
number  of  matured  trees  should  be  removed.  They  are  in  a 
number  of  instances  injuring  the  young  growth,  besides  constantly 
deteriorating  in  value.  It  is  of  considerable  importance  that  they  be 
removed  before  planting*  is  done  and  while  there  are  yet  vacant 
spaces  for  operations  of  felling  and  skidding. 
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THB  CATALPA 

Greene  County  ranks  among  the  first  in  the  number  of  catal] 
jfroves  established.  This  species  has  become  popular  on  account  < 
ts  adaptability  for  farm  purposes  and  its  comparatively  rap 
growth.  Many  of  the  groves  have  been  established  for  windbreak 
the  needs  of  which  are  becoming  generally  manifest. 

Considerable  difficulty  is  yet  experienced  in  securing  the  Catal] 
speciosa  true  to  name.  Much  spurious  seed  and  many  seedlii 
trees  are  sold  under  the  name  of  speciosa,  which  after  several  yeai 
gfrowth  prove  to  be  either  the  common  catalpa  (bignonioidesj  or 
dybrid  of  the  same.  A  study  of  this  species  was  made  this  summ< 
md  a  detailed  report  will  be  issued  by  the  Station  during  tl 
:urrent  year. 

THB  OSAOB  ORANGB 

Several  groves  of  this  species  were  found  in  the  county.  Tl 
largest  and  oldest  is  probably  that  in  the  possession  of  Mr.  O.  ] 
Bradfute,  of  Cedarville  Township.  The  trees  are  of  ten  year 
growth  and  were  planted  at  a  distance  of  2x4  feet.  The  soil  up< 
svhich  they  are  growing  is  a  fertile  clay  loam;  while  the  distance  < 
planting  is  probably  too  close,  they  have,  nevertheless,  ma( 
excellent  height  growth  and  are  free  from  limbs.  It  would  ha^ 
been  better  had  thinning  been  done  three  or  four  years  earlie 
utilizing  the  thinnings  for  poles  and  stays.  The  matter  of  thinnir 
it  the  present  time  is  of  course  a  problem.  Too  copious  thinnii 
tvould  be  detrimental. 

In  this  case,  where  the  rows  are  four  feet  apart  and  the  trei 
two  feet  apart  in  the  row,  it  would  be  better  to  remove  every  otb 
row  and  every  other  tree  in  the  rows  left  standing.  This  will  op< 
the  crown  cover  to  some  extent,  but  it  will  be  but  a  few  years  befoi 
t  will  close  again.  Over  prunning  would  allow  too  much  light 
inter,  inducing  the  growth  of  a  grassy  ground  cover.  In  a  fe 
more  years  another  thinning  can  be  made,  the  degree  of  whi( 
yvould  be  determined  by  a  number  of  conditions. 

This  indicates  the  possibilities  in  the  growing  of  this  specie 
md  on  account  of  the  value  as  a  post  timber  it  would  be  profitab 
to  plant  on  many  farms  in  this  county. 

WASHINGTON  COUNTY 

LOCATION  AND  TOPOGRAPHY 

Washington  County  lies  in  the  southeastern  part  of  Ohio,  at 
t>orders  on  the  Ohio  river.  It  lies  wholly  within  the  great  co 
measures,  and  altogether  outside  of  the  drift  area.  The  topograph 
>f  the  county  is  greatly  diversified.     The  Ohio  river  flows  from  3( 
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to  400  feet  below  the  tops  of  the  hills  which  border  it  and  from  500 
to  600  feet  below  the  higfhlands  of  the  interior  of  the  county.  The 
principal  streams  of  the  county  are  the  Muskingum,  Little  Mus- 
kingnm  and  Hocking  rivers  and  Duck  creek,  which  have  their 
sources  on  the  highlands  to  the  north.  The  branches  of  these 
streams  form  a  network  of  narrow  valleys  which  render  all  of  the 
surface  rolling  and  in  some  instances  when  the  declivities  are  ab- 
rupt, it  may  be  called  broken. 

SOILS 

The  soils  are  of  four  main  types:  1.  Alluvial,  2.  Red  clay, 
3.  Sandy  clay  loam,     4.  Gray  shaly  clay. 

The  alluvial  soils  are  along  the  larger  streams  and  cover  the 
flood  plains  and  the  valleys. 

The  Red  clays  are  residual,  resulting  from  the  decay  of  the  red, 
green  and  blue  shales,  the  latter  changing  to  red  through  a  process 
of  oxidation.  This  type  is  of  wide  extent  and  is  rich  in  fertility, 
although  heavy  and  impervious  and  difficult  to  till  excepting  under 
the  most  favorable  conditions.  It  is  subject  to  rapid  erosion  and  on 
it  are  found  many  gullied  surfaces.   * 

The  Sandy  clay  loam  is  the  typical  sandstone  soil.  As  a  rule  it 
is  of  only  moderate  depth.  It  is  porous  and  easily  tilled,  but  usually 
lacks  fertility.  It  is  generally  characterized  by  a  growth  of  white 
and  chestnut  oak  and  pignut  hickory.  It  occurs  most  frequently  on 
the  hill  tops. 

The  Gray  shaly  loam  is  a  decomposition  product  of  green  and 
gray  shales.  It  is  usually  deep  and  fertile.  It  erodes  easily,  but 
not  as  badly  as  the  red  clay.  This  soil  is  often  covered  over  on  the 
slopes  by  the  red  clay,  owing  to  the  greater  mobility  of  the  latter. 

PORBST  TYPES 

The  -forest  types  of  this  county  have  not  the  definite  character- 
istic features,  nor  the  sharp  lines  of  demarcation  which  are  found  in 
mountainous  countries.  There  are,  however,  distinctive  features 
which  may  be  classified  into  types.  The  following  classifications 
will  be  used: 

Creek  Bank  Type  Lower  Slope  Ttrpe 

Upland  Type  Pine  Type 

OM  Field  Type 

CRBBK  BANK  TYPB 

This  growth  follows  the  creeks  and  rivers,  from  the  water  to 
the  first  bench.  It  is  characterized  by  an  abundance  of  buckeye, 
butternut,  sycamore,  red  elm,  tulip  poplar,  red  oak  and  basswood. 
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It  consists  almost  wholly  of  second  g^rowth.  The  scattered  tu] 
poplars  and  red  oaks  are  the  only  valuable  trees.  The  buttem 
does  not  appear  to  reach  merchantable  size  on  the  characterisi 
shallow  soil  of  this  type. 

It  is  unfortunate  that  these  areas  have  a  poor  composition,  f 
the  forest  conditions  are  unusually  good,  and  the  proper  selecti 
of  trees  would  ultimately  mean  a  splendid  forest. 


Shortleaf  and  pitch  pine,  Washington  county 


Niuaitve  by  Spot 


PLANS  FOR  IMPROVkMSNT 

In  many  cases  these  areas  contain  seed  trees  of  tulip  poplar  a 
red  oak,  but  the  reproduction  has  little  chance  to  survive,  owing 
the  presence  of  buckeye  and  butternut,  and  in  some  cases  bl 
beech.  Hence  it  is  important  to  remove  or  at  least  thin  out  the 
latter  species.  In  some  instances  the  red  oak  and  tulip  poplar  a 
lacking  entirely  and  the  growth  is  made  up  of  buckeye,  elm  ai 
butternut.  In  this  case  it  would  be  better  to  make  a  clean  cuttii 
and  plant  the  areas  to  some  species  well  adapted.  Tulip  poph 
black  walnut  or  red  oak  could  be  used  for  this  purpose.    If  the   t\ 
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former  species  are  used  it  migfht  be  a  g'ood  plan  to  plant  sugar 
maple  in  mixture  with  them.  This  would  help  to  preserve  forest 
conditions,  which  a  pure  planting  of  poplar  and  walnut  would  not 
supply,  owing  to  their  light  foliage,  and  hence  inability  to  shade  the 
ground.  The  maple  possesses  this  quality  to  a  marked  degree,  on 
account  of  its  heavy  foliage  and  consequent  shade  tolerance.  In 
many  instances  there  are  sufficient  maple  seed  trees  of  either  the 
sugar  or  red  maple  to  reseed  the  area  for  the  purpose  mentioned. 


LOWER  SLOPE  TYPE 

This  was  originally  a  white  oak  and  tulip  poplar  type,  with  red 
and  sugar  maple  as  an  underwood.  The  tulip  poplar  has  disappear- 
ed except  for  an  occasional  tree.  The  white  oak  likewise  is  fast 
disappearing,  leaving  the  beech  with  scattering  seed  trees.  The 
percentage  of  species  in   mixture  may  be  said  to  be  approximately: 

Beech 70^ 

Sugar  and  red  maple 15% 

Red  oak  . .    6% 

Scarlet  oak 5  Jt 

Sassafras  and  butternut 4% 

Bi  Independence  township  the  chestnut  and  sourwood  occur  fre- 
quently in  mixture.  They  are,  however,  restricted  to  the  east  side 
of  the  Muskingum  river.  Where  the  beech  predominates  the  stand 
is  usually  broken  and  admits  the  second  growth  sugar  and  red 
maple,  red  and  white  oak.  Where  the  beech  has  been  cut  clear  the 
stand  is  more  variable  and  is  chiefly  coppice  white  oak,  beech,  red 
and  black  oak,  black  gum,  red  and  sugar  maple.  In  places  the 
growth  of  sassafras  has  become  serious.  The  ironwood  frequently 
appears,  but  in  few  places  is  it  present  in  sufficient  quantities  to  affect 
the  condition  of  the  forest.  While  the  area  of  this  type  is  not  large, 
yet  its  future  is  of  considerable  importance,  because  of  the  possibil- 
ities in  the  way  of  growth.  Practically  all  of  the  species  which  will 
figure  permanently  in  the  future  forest  are  now  or  at  one  time  have 
been  growing  on  these  areas.  Moreover,  for  topographical  reasons 
they  cannot  be  utilized  for  agricultural  purposes.  The  forest  con- 
ditions in  most  cases  are  good.  The  sheltered  position  and  density 
of  canopy  have  retained  moisture  and  favored  humus.  The  absence 
of  grass,  caused  by  the  dense  crown  cover,  has  discouraged  pastur- 
ing, hence  danger  from  this  source  is  not  likely. 
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PLANS  FOR  IMPROVBMBNT 

The  first  consideration  in  attempting  to  improve  the  woodlots 
of  this  type  -would  be  the  encourag-ement  of  those  trees  found  native 
at  one  time,  but  which  are  being:  superseded  by  the  more  prolific 
and  undesirable  species.  The  tulip  poplar,  red  oak,  basewood  and 
under  certain  conditions  the  sugfar  maple  would  be  the  trees  to  save. 

trees  then  would  be  the  first  operation, 
the  most  pressing  need.  Likewise  the 
buckeye  are  a  serious  hindrance  to  the 
tnd  oak.  The  obstacle  in  the  way  of  the 
le  lack  of  a  market  for  the  wood  product, 
ing"  of  the  trees  would  be  to  girdle  and 
h  their  removal  would  be  better.  These 
the  regeneration  of  the  poplar,  whose 
t  overtopping  and  dense  shade  of  these 
ices  it  is  advisable  to  resort  to  planting, 
seedlings  and  seed  trees  of  desirable 
ulip  poplar,  red  oak,  and  in  some  loca- 
cal  species  to  consider.  The  European 
ght  also  be  considered.  The  species 
in  mixture  with  some  heavy  foliaged, 
the  sugfar  maple  or  red  mulberry.  It  is 
larch  and  cypress  be  used  with  some 
:ir  leaf  crowns  are  not  capable  of  shad- 
to  exclude  the  grass  and  create  the 
d  cover. 

planting  will  depend  somewhat  on  the 
itions.  On  an  average,  6x6  feet  is  a  safe 
light  foliaged  trees  can  be  alternated  in 

i&  UPLAND  TYPE 

3st  area  of  the  forest  lands  and  is  char- 
tnds.      Originally    white    oak  was  the 
las  been   somewhat   superseded  by  the 
ignut  and  mockernut  hickories.     The 
primeval  forest  consisted  of  giant  white  oaks.     Few  of  these  spec- 
imens remain,  and  the  second  growth  of  white  oak  is  gradually  being 
eliminated  in  the  struggle  for  existence.      There  are   occasional 
second  growth  stands  which  are  thrifty,  but  the  composition  is  nearly 
pure.     Where  the  black  and  white  oak  occur  together  the  white  will 
eventually   be  superseded    by  the   black.     This  type  chooses  the 
dryer  sites,   hence  the  growth  of  the  trees  is  usually  slow,  and  the 
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Quite  frequently  there  occur  on  the  dry,  sandy  hill  tops  dense 
stands  of  chestnut  oak,  consisting:  almost  entirely  of  second  growth, 
which  resulted  in  many  cases  from  stump  sprouts.  This  growth 
is  characterized  by  an  undergrowth  of  huckleberry  and  often  laurel, 
the  latter  occuring  only  on  the  thinnest  and  most  barren  soils. 
Occasionally  black  locust  may  be  found  in  mixture,  usually  in  an 
unthrifty  condition,  however.  There  are  but  few  original  trees  of 
the  chestnut  oak  remaining.  Practically  all  have  been  removed  in 
the  past  for  tan  bark. 

PLANS  FOR  nflPROVBMSNT 

Grazing  is  the  potent  factor  influencing  this  type  of  woodlot 
The  first  step  should  be  to  reserve  the  area  from  livestock.  Owing 
to  the  comparatively  dry  situations  upon  which  this  type  exists  the 
best  possible  conditions  must  be  preserved  through  the  accumula- 
tion of  leaf  mold,  by  means  of  undergrowth. 

The  removal  of  all  matured  trees,  would  also  be  important. 
In  some  woodlots  large,  cull  white  oaks  are  standing,  and  in  many 
instances  are  doing  material  harm  to  young  trees.  The  scarlet  oak 
may  be  considered  a  weed  tree   and  its  elimination  is  necessary  in 

1  the  stand.  Wherever  the  ash  tends 
be  made  to  favor  this  species.  When 
cdl  worthless  undergrowth  should  be 
crown  cover  completely  covers  the 
the  reproduction  of  the  ash.  An  ad- 
iprove  the  quality  of  the  site  and  be  of 

woodlots  of  this  type  consist  of  fairly 

wth   black  oak,    varying  in  size   f ron^ 

ter.     Very  little  can  be  done   to  im- 

t  areas  except  to  reserve  them   from 

ids  of  trees  are   thin   enough  on  the 

ing.     The  species  which  figure  in  the 

reconstruction  of  woodlots  of  this  type  are  few.     The  locust  would 

be  a  good  species  to  interplant  where  the   growth  is  too  thin.     On 

the  chestnut    oak  soil  the   white    pine   could  probably   be  used  to 

advantage,  as    could  the  shortleaf  pine   Pinus  echinata.      Red  oak 

could  be  used  on  the  moister  slopes. 

PINB  TYPB 

On  western  exposures  and  dry  hill  tops  there  may  be  found 
occasional  groups  and  mixtures  of  shortleaf,  Jersey,  pitch  and  white 
innes.    The  species  frequently  occur  in  mixture  with  black  and 
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bave  made  fairly  good  growth,  and  some  of  them  show  two  and  one* 
half  feet  between  nodes.  On  the  third  fork  of  Mill  creek  is  another 
stand  which  is  considerably  denser  and  shows  better  growth.  Some 
of  the  stumps  indicate  a  12  inch  tree  in  40  years,  under  natural 
conditions. 

Were  the  thinning  of  hardwoods  accomplished  the  area  of  the 
pine  forests  could  be  considerably  extended  and  the  quality  of  wood 
product  very  much  improved.  In  many  places  the  trees  stand  too 
thin.  They  do  not  prune  themselves  and  the  stands  are  nowhere 
normal. 

OLD  FIELD  TYPE 

This  type  is  commonly  met  with  on  the  east  side  of  the 
Muskingum  river  and  it  sometimes  occurs  on  the  west  side.  In 
Independence  township  about  fifteen  percent  of  the  forest  area  com- 
prises the  growth  which  has  come  up  in  abandoned  fields.  Two 
species  figure  prominently  in  this  type,  the  locust  and  hickory. 
There  are  many  large  thickets  of  the  former,  occuring  on  old  fields 
and  pastures  where  the  soil  is  often  too  exhausted  to  produce  any- 
thing else.  Quite  frequently  it  is  associated  with  hickory  and 
sassafras.  These  stands  have  come  into  existence  only  recently. 
The  presence  of  large  locust  trees  in  close  proximity  to  a  sterile  field 
or  pasture,  upon  which  no  stock  was  allowed  to  roam,  served  to  seed 
these  areas,  and  doubtless  much  of  the  reproduction  was  secured  by 
root  suckers.  A  peculiarity  exists  here  that  is  rarely  met  with,  viz., 
the  apparent  ease  with  which  the  locust  reproduces  itself  by  seed. 

The  type  is  of  great  importance  to  the  county,  and  it  is  being 
recognized  as  such. 

EXTENSION  OP  THE  OLD  PIELD  TYPE 

The  stands  of  locust  as  they  now  exist  often  lack  sufficient 
density,  or  are  grouped,  leaving  large  spaces  unoccupied.  The  pro- 
lific suckering  propensities  of  the  locust  are  commonly  known,  and 
it  is  through  this  feature  that  the  group  may  be  extended  and  great- 
er density  secured  in  thin  stands. 

In  breaking  the  roots  of  the  species  a  sprout  will  result.  Where 
extension  is  desired  the  ground  about  the  roots  of  the  trees  should 
be  broken  by  plowing  furrows  about  six  feet  apart  in  the  direction 
the  grove  is  to  be  extended.  This  operation  may  be  kept  up  each 
year  until  a  sufficient  number  of  sprouts  are  secured  to  restock  the 
area« 
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if  the  main  rivers.  The  loss  to  land  owners  entailed  through 
trosion  is  annually  enormcus.  This  erosion  is  not  only  resultingr  in 
he  actual  deterioration  of  the  soil  but  also  in  the  loss  of  paying  crops, 
n  some  few  instances  these  areas  may  be  profitably  reclaimed  by 
he  addition  of  fertilizers  and  the  seeding  to  grass,  but  in  the  vast 


Stopping  the  wash  by  planting  locusts 
THB  TULIP  POPLAR 

One  of  the  most  striking  arboreal  features  of  the  county  is  the 
lecond  growth  tulip,  or  yellow  poplar  grove  on  the  farm  of  Mr.  F.  F. 
jraham,  near  Vincent,  in  Barlow  township.  This  grove  is  situated 
m  a  ridge  of  pure  sand  which  is  underlaid  with  yellow  clay.  In  a 
and  pit  the  roots  may  be  seen  to  extend  ten  or  fifteen  feet  into  the 
«iad.  The  woodlot  is  in  several  stages  of  growth,  the  final  result 
>f  which  will  be  a  pure  stfind  of  poplar.  Among  the  poplar  are  grow- 
ng  white  ash,  red  maple,  sassafras  and  dogwood,  all  of  which  the 
KJplar  will  supersede  in  time. 
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MARKBT  CONDITIONS 

The  lack  of  dependable  markets  for  wood  products  is  the  dis- 
coura^^ing'  feature  in  the  practice  of  forestry.  The  demand  for 
board  stuff  and  construction  material  is  g-reater  than  it  was,  but  that 
material  is  almost  exhausted.  The  product  now  available  in  the 
form  of  the  second  growth  and  the  culled  trees  of  the  original  forest 
which  it  is  often  necessary  to  remove  from  the  woodlot  and  dispose 
of,  has  little  or  no  market  value.  Coal  has  practically  driven  fire 
wood  out  of  the  market,  so  that  usually  no  value  can  be  placed  upon 
wood  for  that  utilization.  In  some  cases  a  nominal  price  may  be 
obtained  for  mine  props.  This  does  not  exceed  one  cent  per  linear 
foot.    The  tie  market  in  many   cases  is   the  most  profitable  when 


Negattvt  b^  SpausUr 
Second  growth  chestnut  oak,  Washington  county 

WASTB  LANDS 

Washington  county  contains  a  total  of  297,773  acres  of  land, 
29,328  acres  of  which  is  classified  as  waste  land,  which  is  practically 
ten  percent  of  the  area.    A  portion  of  this  waste  is  a  result  of  topo- 


Digitized  by 


Google 


212  OmO  EXPERIMENT  STATION:  BULLETIN  211 

Srraphical  conditions,  and  a  portion  that  of  erosive  processes.  The 
latter  form  the  larg^est  areas,  and  they  are  on  the  increase.  Much 
of  the  land  comprising  the  steep  slopes  contains  a  sparse  growth  of 
timber  which  has  neither  real  nor  potential  value,  much  of  which  has 
been  brought  into  productiveness  by  forestry  practices.  Of  more 
importance  are  those  areas  which  erode,  and  they  are  so  numerous 
and  the  work  of  destruction  has  progressed  so  far,  that  cure  as  well 
as  prevention  must  be  considered. 

The  best  **cure"  in  most  of  these  cases  is  trees,  but  it  must 
first  receive  recognition  as  such.  Nature  herself  proceeds  in  this 
manner,  and  the  results  manifest  themselves  in  the  many  locust 
and  pine  thickets  on  eroded  lands  throughout  the  Appalachian 
plateau. 

Time,  patience,  courage  and  resource  will  be  required  to  bring 
these  areas  back  to  productiveness  and  its  importance  as  an  agri- 
cultural problem  in  southern  Ohio  is  second  to  none. 
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The  Bulletins  of  this  Station  are  sent  free  to  all  residents  of  the  State 
who  request  them.  When  a  change  of  address  is  desired,  both  the  old 
and  the  new  address  should  be  given.  All  correspondence  should  be 
addressed  to  EXPERIMENT  STATION,   Wooster,  Ohio. 
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CORN  JUDGING:      STUDIES  OP  PROMINENT  EAR 
CHARACTERS  IN  THEIR  RELATION  TO  YIELD 

BY  C.  G.  WILLIAMS  AND  F.  A.  WBLTON 

The  time  has  p'^rhaps  come  when  this  Station  is  able  to  draw 
some  conclusions  from  experimental  data  as  to  what  ear  characters 
are  associated  with  higrh  yielding:  com.  Work  was  begun  in  a  small 
way  five  years  ago  in  the  study  of  the  relation  of  length  of  ear  to 
yield.  Four  years  ago  it  was  extended  to  a  study  of  the  relation  of 
shape  of  ear  to  yield,  and  later  to  the  filling  of  the  tip,  the  indenta- 
tion of  the  kernel,  the  weight  of  ear  and  the  efFect  of  previous 
environment  upon  the  value  of  seed  com. 

It  has  been  thought  best  to  make  a  preliminary  report  of  this 
work  although  the  questions  asked  are  a  long  way  from  being 
permanently  answered.  However,  the  answers  recorded  may  turn 
some  light  upon  com  judging,  or  the  selection  of  seed  com. 

In  the  study  of  these  various  characters  the  aim  has  been  to  have 
the  groups  compared  diflfer  widely  with  reference  to  one  character 
only.  Little  or  no  attention  has  been  paid  to  other  characters  except 
to  have  all  sorts  represented,  the  thought  being  that  one  character 
would  offset  its  opposite,  giving  a  fairly  accurate  comparison  of  the 
groups  and  the  character  studied. 

Each  group  has  consisted  of  from  25  to  100  ears  and  has  been 
represented  by  a  composite  sample  of  seed  made  up  of  a  few  rows  of 
kernels  taken  from  each  ear.  While  it  is  well  known  that  ears  of 
om  vary  in  their  ability  to  yield  from  perhaps  invisible,  though 
heritable  characters,  in  the  numbers  in  which  they  were  used  in 
these  tests  it  is  presumed  that  such  variation  would  be  cared  for;  that 
is,  that  high  and  low  yielding  ears  would  be  found  in  each  group. 

The  size  of  the  plots  used  in  this  work  has  been  one-tenth  acre. 
The  conditions  of  growth  as  affected  by  previous  treatment  of  soil 
have  been  quite  uniform.  For  the  last  sixteen  years  not  a  furrow  has 
been  plowed,  nor  a  pound  of  fertilizer  put  upon  one  plot  without 
similar  treatment  being  given  the  other  plots  of  the  series  the  same 
day. 
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TABI^  III:    The  relation  of  length  of  ear  to  yield.    Summary 
of  22  testa  on  44  tenth-acre  plots,  1905-1909. 


Variety 


Long' or 
short 
ears 


Yield  ol 

shelled  com 

per  acre 

*Bus. 


Increase 
in  yield 

Bus. 


Clarage 

Clarae« 

Leamjnff 

Leaming^ 

Darke Cow  Mammoth. 
Darke  Co.  Mammoth., 
Rdd  TeUow  Dent  .... 
Reid  Yellow  Dent  .... 


ATerage  gain  (or  lon^r  ears  . 


Long- 
Short 
Long- 
Short 
Long- 
Short 
Long- 
Short 


84.77 
7915 
93.96 
90.31 
99.47 
92.70 
88.47 
82.28 


0.62 
366 

6.77 
6.19 


6.18 


Clarage 

Clara^ 

Learning- 

Leaming^ 

Darke  Co.  Mammoth. 
Darke  Co.  Mammoth. 


Average  gain  for  long-  ears  . 


Long 
Short 
Long- 
Short 
Long 
Short 


67  77 
73  50 
60  10 
78.25 
73  19 


0.45 
4.40 
606 


3.31 


Clarage 

Claraire 

Leaming^ 

Leaming 

Reid  Yellow  Dent  . 
Reid  Yellow  Dent  . 


Average  ^in  for  long  ears  . 


Long 
Short 
Long 
Short 
Long 
Short 


64.95 
65.38 
63.41 
60.26 

5R.62 
60  20 


0.43 
3.16 


1.68 


0.38 


Claracre . . 
Clarage.. 
T<raming- . 
Leaming  . 


Average  gain  for  k)ng  ears  . 


Long 
Short 
Long 
Short 


58.76 
78.40 
72.38 


8.12 


6.02 


7.07 


Leaming. 


Long 
Short 


97.06 
92.85 


Comtniied  average  of  22  tests,  gain  for  long  ears . 


3.97 


*  For  1909  ear  com  oorrectsd  to  16  percent  moisture  content,  70  pounds  of  which  will  approximate 
id  com  busfa^lB. 
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While  the  seed  of  the  long:  ears  used  in  1909  is  not  of  as  great 
average  length  as  that  of  1907,  this  fact  would  seem  to  be  due  to  a 
matter  of  environment.  At  any  rate  the  inherent  character  seems 
to  be  present,  for  it  is  asserted  in  the  progeny. 

That  the  average  length  of  ear  can  be  quite  rapidly  changed  is 
probable.  The  plant  breeder  will  be  interested  in  accounting  for 
this  change.  Are  we  adding  together  the  slight  fluctuations  dis- 
coverable year  by  year,  or  did  we  have  in  the  first  selection  all  we 
now  have  in  these  heritable  characters,  the  advance  made  being 
due,  not  to  the  addition,  little  by  little,  of  the  character  in  question, 
but  to  the  purification  of  the  type  by  the  weeding  out  of  the  opposite 
character — tosubtraction  rather  than  addition?  The  practical  corn 
grower  will  be  interested  in  the  fact,  though  possibly  not  in  the 
theory. 

Conclusion:  If  a  given  quantity  of  seed  com  be  divided  into 
two  groups,  one  composed  of  ears  below  the  average  length  and  the 
other  above,  the  longer  ears  will  out-yield  the  shorter.  We  have 
no  evidence  that  selection  for  extremely  long  ears  increases  the 
yield  above  those  of  medium  length.  The  difference  in  yield  thus 
far  has  seemed  to  be  due  to  a  lessened  yield  resulting  from  the 
selection  for  short  ears,  rather  than  an  increased  yield  from  the 
selection  for  long  ears. 

2.    THB  RELATION  OP  SHAPE  OP  EAR  TO  YIELD 

If  there  has  .been  one  ear  character  insisted  upon  more  strongly 
than  another  in  the  com  judging  of  the  country  it  has  been  that  of 
cylindricity.  In  1906  this  Station  began  some  studies  of  the  relation 
of  shape  of  ear,  as  regards  cylindricity,  to  yield.  In  the  selection  of 
varieties  to  be  used  in  these  tests  the  aim  was  to  include  varieties 
having  quite  different  tendencies;  varieties  in  which  the  cylindrical 
ear  predominated,  and  varieties  in  which  the  decidedly  tapering  ear 
was  the  rule.  Accordingly,  what  I  may  call  the  Ohio,  or  old  type  of 
Learning  com  has  been  used  throughout  the  test  as  representing  the 
tapering  varieties,  and  the  Darke  County  Mammoth,  another  fairly 
distinct  Ohio  strain,  as  representing  the  varieties  tending  toward 
the  cylindrical  ear.  During  two  of  the  four  years  of  this  test 
Eeid  Yellow  Dent  has  also  been  included.  Cylindrical  and 
tapering  ears  from  each  variety  have  been  compared  side  by  side, 
selected  to  vary  as  widely  in  each  direction  as  could  well  be  found  in 
ccrn  that  would  pass  at  all  for  seed  corn.  A  consultation  of  tables 
and  illustrations  will  give  an  idea  of  the  type  of  corn  tested. 
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Learning.    Cylindrical  and  tapering  ears. 


Darke  Co.  Mammoth.    Cylindrical  and  tapering  ears. 
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TABLE  V:    The  reUtion  of  shape  of  ear  to  yield,  1909. 


Variety 


Learning  (f) . 


Cylindrical 

or 
tapering 


Cylindrical 
Tapering 


Average 


Length  Weight 
Ins.   Ozs. 


8.1 
8.4 


11  4 
10  3 


At.  drcum. 
2  inches  from 


Bntt 
Ins. 


7.2 
70 


Tip 


63 
56 


Gain  for  cylindrical  ears  . 


Yield 
per 
acre 

*Bus. 


83.71 
9345 


0.26 


Darlu  Ca  Mammoth  (^) 
Darke  Ca  Mammoth  {6) . 


Cylindrical 
Tapering 


82 
8.8 


128 
115 


73 
70 


6.8 
60 


94.43 
93.64 


Gain  for  cylindrical  ears . 


079 


Tdknr  I>ent  (c)  . 
Yellow  Dent  (c)  . 


Cylindrical 
Tapering 


9.3 
10.0 


13.8 
127 


7.2 
72 


6.6 
5.5 


90  06 
85.97 


Gain  (or  cylindrical  ears  . 


4.11 


1(c) 
T^ramtng  (c)  . 


Cylindrical 
Tapering 


8.2 
88 


120 
11  8 


7.7 

7.4 


6.5 
5.6 


88.46 
80.31 


Gain  (or  tapering  ears. 


0.86 


A  Ttfrage  gain  for  cylindrical  ears . 


1.06 


16)  Second  generation  of  cylindrical  and  tapering  ears. 
If}  First  generation  of  cylindrical  and  tapering  ears. 
^  Corrected  to  a  uni.'orm  moisture  content  of  15  percent. 

In  Table  V  is  g^iven  the  result  of  the  comparison  of  cylindrical 
wtih  tapering  ears  in  the  tests  of  1909.  It  will  be  discovered  that 
Aft  greatest  variation  in  the  character  studied  is  found  in  the  case 
ofSeid  Yellow  Dent  selections,  and  only  in  this  variety  is  there  a 
wriation  in  yield  of  moment.  This  variation  is  in  favor  of  the 
cgrBndrical  ears. 

TABLK  VI:     A  study  of  the  cylindrical  and  tapering  ears  reported  upon  in  Table  V, 
-with  reference  to  length,  weight,  shape,  circumference  and  proportion. 


Variety 

Cylindrical 

or 

tapering 

Excess 

in 
length 

Excess 

in 
weight 

Excess  in 
circum. 
(butt) 

Excess 

of  butt 

clrc  over 

tip  circ. 

Excess 
in 
yield 

Propor- 
tion of 
circ  to 
length 

Inches 

Ounces 

Inches 

Inches 

Bushels 

Percent 

IifamhHr  (A).    

Cylindrical 

1.1 

0.2 

0.9 

0.26 

88.9 

Lcaminc  i^) 

Tapering 

0.3 

1.4 

83.3 

Darke  Cow  Mammoth.... 

Cylindrical 

1.3 

0.3 

0.5 

0.79 

89.0 

Darke  Cow  Mammoth.... 

Tapering 

0.6 

1.0 

79.6 

Sod   Ydlow  Dent 

Cylindrical 

1.1 

0 

0.7 

4.11 

77.4 

Ieid7elkm  Dent 

Tapering 

0.7 

0 

1.7 

72.a 

Cylindrical 

0.2 

0.3 

1.2 

93.9 

htmmin^iry.. 

Tapering 

0.6 

1.8 

0.85 

84.1 

(»)  Seoood  generatkn.  (cj  First  generation . 
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The  variation  in  the  dififerent  ear  characters  of  the  variety  types 
jught  out  in  Table  VI,  but  this  table  offers  little  explanation 
e  results  secured.  While  the  cylindrical  exceed  the  tapering 
in  weight,  the  g^reatest  excess  in  v^reigfht  is  not  associated  with 
reatest  excess  in  yield  per  acre. 

TABLE  VII.    The  relation  of  shape  of  ear  to  3deld.    Summary  of 
18  tests  on  36  tenth-acre  plots,  1906-1909. 


Variety 


Cylindrical 

or 
tapering 


Yield  of 

sbidledoom 

per  acre 

•Bos, 


LeaminfiT 

Learning* 

Parke  Co.  Mammoth 
Darlce  Co.  Mammoth . 
Reid  Yellow  Dent  .... 
Rdd  YeUow  Dent  .... 


Cylindrical 
Tapering- 
Cylindrical 
Tapering 
Cylindrical 
Taperinir 


91.06 
91.38 
93.43 
93.64 
90.06 
8697 


Gain  for  cylindrical  ears  . 


Leaming- 

Learning 

Darke Ca  Mammoth. 
Darke  Co.  Mammoth. 


Cylindrical 
Tapering- 
Cylindrkal 
Tapering 


76.16 
74.69 
69.61 
71.51 


Gain  for  tapering-  ears . 


Leaming- 

Learning- 

Darke  Co.  Mammoth. 
Darke  Co*  Mammoth. 
Reid  Yellow  Dent  .... 
Reid  Yellow  Dent  .... 


cylindrical 

59.81 

Tapering 

60.92 

Cylindrical 

63.74 

Tapering 

61.10 

Cylindrical 

60.48 

Tapering 

60.91 

Gain  for  cylindrical  ears. 


L«eanijng 

Learning 

Darlce  Co.  Mammoth . 
Darke  Co.  Marunoth. 


Cylindrical 

70.13 

Tapering 

78.23 

Cylindrical 

73.34 

Tapering 

76.72 

Gain  for  tapering  ears . 


Combined  average  of  18  tesU,  gain  for  tapering  ears  . 


For  1909.  ear  com  corrected  to  15  percent  moistnre. 
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In  Table  VII  is  given  the  summary  of  18  tests,  extending  over 
four  years.  In  two  of  these  years  the  cylindrical  ears  lead  slightly, 
while  in  two  the  tapering  ears  lead.  The  combined  average  shows 
a  gain  of  0.87  bushel  in  favor  of  the  tapering  ears.  It  is  evident  at 
a  glance  that  there  is  not  the  consistent  variation  in  yield  in  favor  of 
either  character  that  is  found  in  the  case  of  the  long  and  short  ears. 
In  considering  these  data  it  seems  that  we  are  dealing  with  a  char- 
acter of  minor  importance,  and  hence  the  conclusion  is  forced  upon 
one  that  until  more  decisive  evidence  is  forthcoming,  it  is  unwise  to 
discriminate  to  any  great  extent  in  favor  of  either  the  tapering  or 
cylindrical  ear. 

3.     BARB  VS.  FILLED  TIPS 

In  1907  a  test  was  started  in  which  ears  of  Clarage  corn  having 
K  to  1>^  inches  of  bare  cob  at  the  tip  of  the  ear  were  compared  with 
ears  completely  filled  out.  In  the  ear-row  tests  of  several  years 
preceding  it  had  been  found  that  the  high  yielding  ears  were  fully 
as  apt  to  be  bare  at  the  tip  as  to  be  filled  out,  and  accordingly  the  above 
test  v^s  started  to  study  the  relation  of  this  character  to  yield  in  a 
larger  way.  The  first  y^ar  the  average  yield  of  the  two  plots  plant- 
ed with  bare-tipped  seed  was  58.21  bushels,  and  of  the  plots  planted 
with  the  fiilled-tipped  seed,  57.79  bushels;  a  slight  gain  of  0.42  bushels 
for  the  bare  tips. 


Oarage.    Filled  and  bare-tipped  ears. 

From  each  of  these  types  25  similar  ears  were  selected  for 
planting  in  1908 — bare  tips  from  bare  tips  and  filled  tips  from  filled 
tips.  The  results  the  second  year  were  in  favor  of  the  filled  tips, 
with  a  gain  of  1.45  bushel,  the  yields  being  64.07  bushels  for  the 
bare  tips  and  65.52  bushels  for  the  filled  tips. 

The  selection  was  continued  in  like  manner  for  the  test  of  1909, 
resulting  in  a  gain  of  2.19  bushels  in  favor  of  filled  tips,  the  yields 
being  84.37  and  86.56  bushels  per  acre. 
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It  win  be  observed  that  only  3.7  percent  of  the  ears  grown  from 
the  seed  ears  having:  bare  tips  had  completely  filled  tips,  while  20 
percent  of  the  ears  grown  from  filled-tipped  seed  had  completely  filled 
tips.  As  might  be  expected  the  greater  part  of  the  ears  and 
nubbins  in  both  lots  were  bare  at  the  tip.  The  sum  total  of  inches 
of  bare  tips  divided  by  the  total  number  of  ears  harvested  gives  an 
average  of  1.03  inch  of  bare  tip  ^^r  ^ar  for  the  bare-tipped  lot  and 
0.53  inch  for  the  filled-tipped  lot. 

The  averag'e  length  of  ear  was  greater  by  0.18  inch  in  the  case 
of  the  crop  from  the  bare,  as  compared  with  the  filled  tips.  If, 
however,  we  count  only  that  portion  of  the  ear  length  which  is  filled 
with  grain,  the  filled  tips  lead  by  0.32  inch. 

Other  things  being  equal,  the  continued  selection  of  ears  having 
H  to  1/4  inch  of  bare  cob  at  the  tip  will  tend  to  reproduce  ears 
having  this  character,  reducing  the  percentage  of  ears  having  filled 
tips,  and  to  reduce  the  yield. 

4.    ROUGH  vs.  SMOOTHipDBNTBD  EARS 

The  relation  of  the  indentation  of  kernel  to  yield  has  been 
studied  both  in  ear-row  work,  and  also  in  plot  work,  in  which  rough 
and  smooth  types  of  the  same  variety  were  compared  side  by  side. 
The  results  of  the  ear-row  tests  have  been  in  favor  of  the  smooth 
type,  showing  a  gain  of  2.84  bushels  per  acre  over  the  rough  type. 
The  ear-row  tests  extend  over  a  period  of  five  years. 

The  plot  work  with  these  types  was  started  in  1908.  The 
results  for  the  two  years  are  as  follows:  For  1908,  a  gain  of  0.99  of 
a  bushel  in  favor  of  the  rough-dented  ears.  For  1909,  a  gain  of  2.17 
bushels  in  favor  of  the  smooth-dented  ears.  This  reversal  of  results 
may  be  significant,  or  it  may  not.  Two  or  three  more  years  of  this 
continuous  selection  will  give  some  important  information.  The 
fact  that  the  rough  ears  were  superior  the  first  season  tested  would 
indicate  that  they  were  inherently  the  equal  of  the  smooth 
selections. 

The  character  of  the  seed  ears  used  in  1909  is  recorded  in  the 
following  table: 

TABLE  X:    Rough  vs.  smooth-dented  ears.    Crop  of  1909. 

Rough  Smooth 

Average  weight  of  cars 10.8  ozs.  9.6  ozs. 

Average  length  of  ears 8.3  ins.  8.1  ins. 

Average  circumference  of  ears 6.8  ins.  6.3  ins. 

Average  percent  of  grain 84.2  80  7 

Proportion  of  circumference  to  length 81.9  %  77.7  ^ 

Yield  per  acre 88.69  bus  90.86  bus. 
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It  will  be  noted  that  the  rough-dented  ears  exceed  the  smooth 
in  weight,  length,  circumference  and  percent  of  grain.  Several  of 
these  characters,  when  studied  under  conditions  in  which  they  were 
dominant,  have  favored  an  increase  in  yield;  but  in  a  modified  form, 
and  associated  with  the  more  pronounced  character  of  roughness  in 
indentation,  they  have  given  wray  to  the  smooth  type. 

Taking  into  consideration  both  the  ear-row  and  the  plot  tests, 
it  seems  that  the  evidence  at  present  is  in  favor  of  the  smoother- 
dented  ears  as  being  the  more  productive. 


Clarage.    Smooth  and  rough-dented  ears. 


5.     HEAVY  VS.  LIGHT  SEED  EARS 


As  reported  in  Circular  71,  this  Station  had  found  the  heavier 
ears  in  its  ear-row  tests  outyielding  the  lighter.  This  was  for  the 
years  1904-1906.  Bringing  this  report  down  to  1909  these  tests  con- 
tinue to  tell  the  same  story,  the  heavier  ears  giving  a  slight  advance 
in  yield. 

It  should  be  stated  that  extremes  were  not  sought  for  in  the 
selection  of  seed  ears  for  this  ear-row  work,  but  in  the  selection  of 
otherwise  desirable  ears  there  was  some  variation  la  weight.  Of 
about  400  ears  tested,  if  the  heaviest  40  percent  be  thrown  into  one 
group  and  the  lighest  40  percent  into  another,  we  find  the  average 
difference  in  weight  of  these  two  groups  to  be  2.46  ounces  per  ear, 
and  the  difference  in  yield  to  be  2.08  bushels  per  acre. 

With  the  numbers  involved  and  the  varying  conditions  of  growth 
during  the  different  seasons  it  would  seem  that  this  variation  in 
yield  might  safely  be  attributed  to  the  variation  in  weight  of  seed 
ears. 
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In  1908  the  Station  started  a  tenth-acre  plot  test  in  which  50  repre- 
sentative heavy  ears  were  compared  with  an  equal  number  of  lighter 
ears.  The  test  was  continued  in  1909  with  heavy  ears  selected  from 
the  crop  gn'own  from  heavy  ears  in  1908  and  with  the  light  ears 
selected  in  a  similar  manner. 

The  yields  for  the  two  seasons'  tests  are  as  follows: 


TABLE  XI:    Yields  of  hemyy  and  light  ears. 

Tetr 

He«Y7  or  light  ean 

Yield  Of 

ahdledoorn 

per  acre 

Boa. 

Gain 
per  acre 

Bum, 

19Q8 

KflATV      

6S.73 
66.10 

Light 

Gaiinfor benvj  ean, . .,, , ...,,^,,, 

0.(B  ' 

1909 

Heavy 

91.18 
87.90 

IJsht -  -- , 

Gaiaforhffifivj  eart......           

3.23 

A 

wmirammtrtdn  tor  htayw  ean » 

1  93  ' 

This  plot  test  must  continue  longer  before  it  will  be  safe  to 
draw  conclusions  from  it  alone.  Did  it  not  confirm  the  ear-row  tests 
of  the  past  five  years  we  should  not  have  recorded  it  at  this  time.  The 
two  tests  taken  tc^ether,  however,  would  seem  to  indicate  a  value  for 
the  heavy-weight  ear.  This  sort  of  ear  must  not  be  confused  with 
the  overgrown  and  immature  ear  of  large  size. 

It  vnll  be  noted  that  the  heavy  ears  take  a  more  decided  lead  in 
1909.    It  is  proper  that  the  measurements  of  these  two  groups  of 
ears  as  used  in  1909  be  recorded,  that  they  may  be  compared  with 
other  ears  used  in  the  other  tests.    Also  see  illustration. 
TABLA  XII:    Heavy  vs.  light  ears.    Crop  of  1909. 

Seed  used  Heavy  Light 

Average  weig-ht  d  ears 11.6  ozs.  9.4  ozs. 

Average  length  of  ears 8.6  ins.  8.3  ins. 

Average  circumference  of  ears 6.9  ins.  6.2  ins. 

Proportion  of  circumference  to  length 80.2  ^  74.7  ^ 

Average  percent  of  grain 84.2  ^  80.1  ^ 

CXOP  HARVESTED 

Yield  per  acre 91.13  bus.  87.90  bus. 

Average  weight  of  ears 11.75  ozs.    11.03  ozs. 

InoooipiitSiig'thaavaraga  anight  of  eara  in  the  crop  harrotted,  npwardt  of  1000  ears 
were  indaded  in  each  groap. 
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In  considering  the  above  data  it  will  be  noted  that  weigfht  of  e< 
and  percent  of  g-rain  both  vary  widely.  It  may  be  asked,  which, 
either,  is  responsible  for  the  variation  in  yield?  Our  tests  to  da 
show  that  weight  of  ear  is  a  better  indication  of  high  yielding  sec 
ears  than  percent  of  grain. 

For  instance:  If  the  same  400  seed  ears  above  mentioned  1 
divided  into  two  groups,  one  containing  the  40  percent  having  ti 
highest  percent  of  grain,  the  other  the  40  percent  having  the  lowe 
percent  of  grain,  we  find  the  former  seed  ears  averaging  86 
percent  of  grain  and  yielding  81.9  bushels  per  acre,  and  the  latt( 
averaging  81.8  percent  of  grain  and  yielding  83.1  bushels. 


Clarage.    Heayy  and  light  ears. 

In  order  to  test  this  ear  character  under  different  condit 
tenth-acre  plot  test  was  started  this  season,  1909.  Two  hi 
fairly  good  seed  ears  were  chosen.  Each  ear  was  shelled  sepa 
and  its  percent  of  grain  determined.  The  20  ears  having  the 
percent  of  grain  were  thrown  into  one  group  and  the  20  having 
lowest  percent  into  another.  The  former  averaged  86.09  percei 
grain  and  the  latter  79.67  percent.  The  yield  per  acre  as  weighe 
from  the  field  is  104.00  bushels  for  the  high  percent  strain  and  107.£ 
bushels  for  the  low.  At  this  writing  we  do  not  have  the  shelled  cor 
records.  This  test  will  be  continued,  the  selection  of  high  and  lo^ 
percent  grain  being  continuous. 

For  the  present  it  may  be  said  that  weight  of  ear  is  worthy  c 
attention  in  the  selection  of  seed  ears. 
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«.     THS  BFFBCT  OP  THE  PREVIOUS  ENVIRONMBNT  OP 
CORN  UPON  ITS  VALUE  AS  SEED 

There  have  long  been  prevalent  among  corn  growers  quite 
definite  ideas  as  to  tbe  propriety  of  taking  seed  corn  grown  under 
fiavorable  conditions  of  soil  to  less  favorable  conditions,  and  vice 
versa.  In  order  to  study  the  effect  of  previous  conditions  of  growth 
upon  future  crops,  this  Station  began  a  test  in  1907  in  which  seed 
corn  selected  in  1906  from  the  best  manured  plot  in  the  fertility 
work  of  the  Station  was  compared  vnth  corn  from  an  adjoining 
unfertilized  plot.  It  should,  perhaps,  be  stated  that  the  fertility  plots 
mentioned  have  been  under  the  same  treatment — the  one  well 
manured  for  two  crops  of  the  S-crop  rotation,  the  other  cop tinuously 
unfertilized — for  the  past  sixteen  years. 


Ftom  bottom  to  top:  one,  three  and  five  plant  strains. 

The  two  lots  of  seed  corn  will  be  hereafter  described  as  **rich" 
and  "poverty"  strains  of  Clarage  corn.  They  were  grown  on  plots 
side  by  side,  under  very  favorable  soil  conditions  in  our  regular 
variety  test  plots.  In  1908  and  1909  new  seed  was  secured  from  the 
original  fertility  plots  and  tested  as  in  1907. 

Beginning  in  1907  the  rich  and  poverty  strains  have  been  grown 
upon  the  corresponding  plots  in  the  fertility  work,  the  selection 
being  continuous. 
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In  the  latter  test,  as  in  the  rich  and  poverty  strain  test^  it  is 
evident  that  under  the  unfavorable  conditions  of  fertility  or  stand 
the  ears  will  be  small,  and  few  or  none  £:rade  as  seed  ears.  May  it 
not  be  possible,  however,  that  if  the  cream  be  skimmed  ofif,  one  will 
get  a  higher  quality  of  seed  after  all?  Whether  nature,  under  "the 
survival  of  the  fittest,"  will  bring  to  the  front  individuals  of  superior 
merit,  or  not,  remains  for  future  tests  to  determine. 
7.    THE  GERMINATION  BOX  AS  AN  INDEX  TO  HIGH  YIELDING  EARS 

It  is  a  fact  well  known  to  everyone  who  has  conducted  germina> 
tion  tests  with  com  that  the  kernels  from  some  ears  germinate 
much  quicker  than  from  others;  that  in  a  group  of.  100  ears,  not 
infrequently  a  half  dozen  or  more  will  be  out  of  the  soil,  and  an  inch 
or  two  high  before  the  laggards  appear  above  ground.  Is  this 
precocity  an  indication  of  superiority  as  regards  yield?  Will  the 
*'first  ups**  out  yield  the  "last  ups?"  If  they  could  be  depended 
upon  to'do  so,  as  has  sometimes  been  asserted,  the  germination  box 
could  be  substituted  for  the  ear-row  test,  and  not  only  much  labor  be 
saved,  but  more  rapid  strides  taken  in  the  direction  of  corn 
improvement. 

In  order  to  turn  light  upon  this  question  a  test  was  conducted  in 
1907.  Six  hundred  ears  were  germinated  in  a  shallow  box  filled 
with  clay  loam  soil,  the  kernels  being  covered  with  an  inch  of  soil. 
Data  were  gathered  regarding  the  order  of  the  appearance  of  the 
plants  above  ground  twice  in  24  hours.  In  each  lot  of  150  ears  the  10 
ears  which  came  though  the  soil  first  were  put  in  one  class  and  the 
10  which  came  up  last  in  another  class.  Only  those  ears  were  con- 
sidered of  which  every  kernel  planted  grew.  The  average  variation 
in  the  appearance  of  the  plants  above  ground  of  the  two  lots  was  48 
hours, 

A  composite  sample  of  seed  was  made  up  representing  each  ear, 
and  two  tenth-acre  plots  were  planted  from  each  lot. 

The  yields  of  these  plots  were  as  follows: 

TABLE  XIV:    First  ups  and  last  ttpt. 
Class 


••••••••••••••< 


Plot  No.  46  First  ups. 
Plot  No.  47      Lrast  ups.. 

Gain  for  Last  ups 

Plot  Na  50      First  ups  . 

Plot  Na  51      Last  ups -..••or..  •••• 

Gain  for  Last  ups •«. 

Average  gain  for  Last  ups « 


>  •••••••«  •< ' 


•••••••..«..<.••«•••  .••• 


YlELO  OF  8HBLLBD 

CORK  PBR  ACKS 

.    63.71  Bushels 

.    66.90 

•« 

.      3  19 

•• 

.    66.66 

u 

.    69.16 

■• 

.      250 

.•8 

.      2.84 
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As  a  gniide  for  such  conditions  as  those  which  obtain  at  this 
Station,  namely,  a  silt  loam  soil  of  the  Waverly  series,  manured  on  a 
clover  sod  with  8  to  12  tons  of  phosphated  manure  from  the  stable  or 
manure  shed,  the  following  table  is  inserted  giving  the  yields  of 
sheUed  com  per  acre  at  thicknesses  of  planting  ranging  from  one  to 
five  plants  per  hill,  in  hills  42  inches  apart  each  way,  for  five  different 
seasons,  and  the  average  of  four  seasons'  tests.  The  year  1909  is 
omitted  from  the  average  since  the  shelling  records  are  not  yet 
available. 

In  these  tests  sufficient  seed  was  planted  that  exact  stands  could 
be  secured  by  thinning. 

TABLB  XVII:    Continued.    Average  for  four  years,  1904,  '06,  '07,  '08. 


Na  of  plants  per  hill 

Arerage 

weicrht  of 

ears 

Percent  of 

Yield  of 

sheUedcorn 

per  acre 

Pounds  stover  per 

HiU 

Acre 

Nnbbins 

Barren 
plants 

Acre 

Bushels 
of  com 

!:5fo 

17;775 

.68 
.621 

:^ 

.402 

103 

22 
2.4 
4.0 
7.4 
118 

31.47 
60  25 
6928 
6196 
60.29 

2.484 

78  9 

67  4 

67.4 

72  6 

S.4 

It  will  be  noted  that  the  highest  average  yield  of  corn  has  been 
secured  from  four  plants  per  hill,  or  14,220  plants  per  acre.  That 
6ve  plants  per  hill  have  given  a  higher  yield  than  three;  however  the 
average  size  of  ears  is  much  smaller  and  the  percent  of  nubbins 
very  large.  For  some  uses  this  would  be  a  disadvantage,  but  for 
shock  feeding  the  small  ears  and  the  finer  stover  would  be 
acceptable. 

Very  extensive  tests  with  different  distances  between  hills,  and 
different  numbers  of  plants  per  hill,  have  been  conducted  by  the 
Illinois  Experiment  Station.  The  average  of  their  large  number  of 
tests  in  six  different  localities  in  Illinois  shows  the  highest  yields  to 
have  been  secured  from  an  average  stand  of  11,107  plants  per  acre, 
and  the  second  highest  yields  from  12,130  plants  per  acre. 

Stands  of  12,400  plants  per  acre  may  be  had  from  three  plants 
per  hill,  in  hills  36x42  inches.  With  present  information  this  may 
be  regarded  as  perhaps  a  full  stand  for  good  soil  conditions. 

SUMMARY 

While  the  tests  herewith  reported  will  be  continued  indefinitely, 
with  some  modifications,  for  the  present  they  seem  to  show: 

1.  That  the  selection  of  seed  ears  of  less  than  normal  length, 
for  a  given  variety  or  locality,  will  reduce  the  yield  and,  if  the 
selection  be  continuous,  gradually  shorten  the  length  of  ear. 
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2.  That  shape  of  ear  as  regards  cylindricity  is  a  matter  of  lei 
importance  than  many  other  of  the  prominent  ear  characters.  Whi 
the  tapering:  ears  have,  upon  the  average,  led  slightly  in  yield,  tl 
variation  is  neither  important  nor  consistent,  and  more  evidence 
needed  before  a  pronouncement  can  be  made  for  either  type. 

3.  That  the  continuous  selection  of  seed  ears  having  an  inch  i 
an  inch  and  a  half  of  bare  cob  at  the  tip  vi^ill  increase  the  averai 
amount  of  bare  cob  at  the  tip,  diminish  the  total  number  of  eai 
having  completely  filled  tips,  and  decrease  the  yield  of  sheU^ 
corn  per  acre. 

4.  That  so  far  as  indentation  of  kernels  is  concerned,  ears  cor 
paratively  smooth — crease-dented — have  proved  somewhat  superi< 
in  yield  to  the  rough-dented  ears. 

5.  That,  conditions  of  growth  being  equal,  weight  of  ear,  i 
made  up  of  slight  increases  in  length,  circumference  and  amoui 
and  density  of  grain  and  cob,  favors  an  increase  in  yield  and 
worthy  of  consideration  in  the  final  selection  of  seed  corn. 

6.  That  a  knowledge  of  the  previous  conditions  of  growth 
helpful  in  estimating  the  value  of  seed  corn.  And  further,  that  sec 
for  use  under  given  conditions  would  better  be  selected  und( 
slightly  inferior,  rather  than  a  very  much  superior  environment. 

7.  That  the  germination  box  can  hardly  be  expected  to  pic 
out  seed  ears  of  superior  hereditary  merit.  Its  work  is  complete 
in  atoning,  in  part,  for  carelessness  in  the  handling  of  seed  com. 

8.  That  the  main  crop  of  corn  on  every  farm  should  be  plant( 
with  varieties  known  to  be  productive  and  acclimated,  and  that  ii 
portations  of  seed  corn  from  a  distance  should  be  confined  to  a  vei 
limited  area  until,  by  careful  selection,  they  have  become  adapted 
local  conditions. 

9.  That  a  maximum  yield  of  corn  can  hardly  be  secured  und 
good  soil  conditions  in  this  state  with  less  than  12,000  plants  p 
acre.  This  stand  may  be  had  with  three  plants  per  hill,  in  hills  : 
inches  by  42  inches. 
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PREPACS 

The  feeding  experiments  on  which  this  bulletin  is  based  were 
conducted  by  the  author  at  the  Missouri  Experiment  Station  in  the 
years  190S  and  1906,  and  the  results  prepared  for  publication 
immediately  thereafter. 

The  chemical  data  are  "principally  the  work  of  Dr.  Paul 
Schweitzer,  Dr.  R.  M.  Bird  and  Mr.  F.  W.  Liepsner,  all  of  whom 
were  connected  with  the  Missouri  Station  at  the  time  the  work  was 
done.  The  author  acknowledges  with  much  gratitude  his  indebt- 
edness to  these  chemists,  and  also  to  Dr.  C.  W^  Greene  and  Dr.  W. 
Koch  for  courtesies  enjoyed  in  their  laboratories. 

Certain  additions  to  the  chemical  data  are  now  made  from  the 
work  of  Mr.  A.  C.  Whittier  and  the  author,  at  the  Ohio  Experiment 
Station;  the  discussion  is  revised,  and  the  bulletin  is  published  at 
the  Ohio  Experiment  Station,  and  issued  simultaneously  by  the 
Missouri  and  Ohio  stations. 
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OP  THE 

Ohio  Agricultural  Experiment  Station 

KuMBER  213.  December,  1909 

SPECIFIC  EFFECTS  OF  RATIONS  ON  THE 
DEVELOPMENT  OF  SWINE 

By  B.  B.  PORBBS 
INTRODUCTION 

The  characters  of  growing*  animals  are  determined  by  the 
limitations  imposed  by  inheritance  and  the  food  supply.  Inheritance 
famishes  detailed  plans  and  specifications;  food  builds  and  main- 
tains the  structure. 

Deficiences  in  the  amount  and  kinds  of  nutriment  available  may 
affect  not  only  the  size,  but  also,  within  limits,  the  character  of  the 
gr-owth  of  animals,  just  as  shortage  of  certain  building  materials 
would  affect  the  size  and  style  of  construction  of  a  building. 

The  animal  body  is  constructed  from  fourteen  chemical 
elements.  Not  all  foods  contain  all  of  these  substances  in  amounts 
sufBcient  to  sustain  growth.  Many  of  our  by-product  foods  are 
abnormal  and  require  knowledge  and  judgment  in  their  use  for 
animals;  and  Indian  corn  is,  in  a  number  of  ways,  deficient  as  a  food 
for  growing  animals. 

In  the  hands  of  stock  breeders  corn  proves  to  be  a  poor  producer 
of  bone  and  muscle,  and  animals  fed  too  little  else  along  with   their 
com  are  apt  to  be  lacking  in  size.     The  professional  herdsman,  and 
also  many  of  the  successful  breeders  of  pure-bred  stock  of  all  kinds, 
believe  that  corn  is  injurious  to  breeding  animals.     We  believe,  how- 
ever, that  there  is  no  time  in  the  life  of  any  farm  animal  in  the  Corn 
Belt  when  corn  may  not  properly  be  used,  whether  it  be  with  a  fast 
borse  or  a  slow  one,  a  milch  cow  or  a  bacon  hog,  a  laying  hen  or  a 
breeding  ewe;  but  for  many   purposes  it  must  be  used  in  modera- 
tion, and  must  be  properly  supplemented,  so  as  to  provide  those 
nutrients  in  which  it  is  deficient.     Animals  need  energy-producing 
food,  much  more  of  it  than  of  any  other  sort,  and  in  this  region  corn 
wU  supply  this  kind  of  nutriment  more  cheaply  than  will  any  other 
food. 

(239) 
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The  Specific  effects  of  foods  on  growing  animals   appear  to 
due  very  largely  to  the  mineral  elements  which  they  contain.* 

The  influence  of  these  constituents  on  the  relative  developme 
of  fat,  bone,  muscle  and  visceral  organs  and  on  the  qualitati 
composition  of  these  tissues  is,  however,  practically  an  unwork 
field,  and  appears  to  give  promise  of  yielding  much  valuat 
information. 

When  the  live-stock  feeder  shall  have  become  tlioroughl] 
master  of  his  business,  he  will  know  the  specific  or  characterisi 
effects  of  the  foodstuffs  which  he  uses,  on  the  animals  consumii 
them,  just  as  the  physician  who  is  learned  in  therapeutics  kno^ 
the  specific  actions  of  the  drugs  which  he  administers. 

The  fact  that  foodstuffs  do  have  these  specific  effects  on  anims 
was  demonstrated  many  years  ago  by  J.  W.  Sanborn'  of-  tl 
Missouri  Agricultural  College.  Subsequent  work  by  Henry',  ai 
Shelton*,  along  this  same  line  confirmed  Sanborn's  conclusion,  th 
rations  containing  more  protein  than  does  Indian  corn  produce  mo 
muscular  growth.  These  writers,  however,  made  no  mention 
the  mineral  constituents  of  the  foodstuffs  used. 

In  compounding  the  rations  fed  in  these  various  experimeni 
these  authors  apparently  sought  only  to  vary  the  proportions  of  tl 
nitrogenous  and  non-nitrogenous  organic  nutrients  without  referen< 
to  mineral  or  ash  constituents.  It  is  true,  however,  that  in  the 
rations  the  nitrogenous  and  mineral  constituents  varied  together ! 
that  the  high-protein  rations  happened  also  to  be  high  in  ash  co 
stituents;  hence  there  is  hardly  warrant  for  assuming  that  tl 
proteid  compounds  alone  are  responsible  for  the  effects  observ( 
on   the  relative  development  of  fat   and  muscular  tissue. 

This  above-mentioned  work  has  been  quantitative  only,  in  so  f; 
as  the  various  tissues  are  concerned,  except  in  that  Henry,  Shelto 
Carlyle'  and  Burnett',  have  observed  the  fact  that  the  ash  consti 
uents  of  foodstuffs  profoundly  affect  the  ash  content  and  breakii 
strength  of  the  bones  of  hogs  consuming  them. 

Numerous  investigations,  especially  those  of  Shutt  of  Canad 
have  also  proven  that  the  fat  of  hogs  is  susceptible  of  chemic 
modification  through  the  use  of  ordinary  foodstuffs. 

In  considering  the  significance  of  variations  in  the  size  of  organ 
and  the  development  of  tissues,  one  should  bear  in  mind  that  all  < 
the  so-called  vital  organs  together,  including  the  nervous  systet 
contain  very  much  less  substance  than  the  remaining  less  essenti 

1  See  Ohio  BuU  201,  pa^e  132. 

«  Bui.  10, 14, 19,  Missouri  Affricultural  College. 

a  Annual  Reports.  Wis.  Afirr.  Exp.  Sta.,  1886,  ♦87.  '88^  m 

*  Bui.  9,  Kans.  Agr.  Exp.  Sta. 
6  Bui.  104,  Wis.  AgT.  Exp.  Sta. 

•  Bui.  94. 107.  Neb.  Agr.  Exp.  Sta. 


Digitized  by 


Google 


SPECIFIC  EFFECTS  OF  RATIONS  ON  SWINE.  241 

parts;  and  rations  which  are  so  abnormal  as  to  be  inadequate  to  the 
necessities  of  these  vital  organs  are  very  much  more  rare  in  practice 
than  rations  which  would  not  contain  sufficient  nutriment,  in  excess 
of  the  demands  of  the  vital  organs,  to  support  maximum  develop- 
ment of  the  less  essential  parts.  Hence  it  is  especially  in  the  de- 
velopment of  the  less  essential  fat,  bones  and  muscles  that  we  find 
the  more  noticeable  specific  effects  of  rations  rather  than  in  the  de- 
velopment of  the  vital  parts;  These  more  important  and  carefully 
guarded  vital  organs  are,  of  course,  dependent  in  the  end  on  the 
food  supply  just  as  are  the  less  important  ones  which  may  serve 
them  as  stores  of  nutriment,  and  in  especially  compounded  rations 
we  have  been  able,  in  experiments  at  the  Ohio  Station,  to  modify 
even  the  chemical  composition  of  the  brain  by  withholding  from  the 
animal,  phosphorus  in  the  particular  condition  required  by  this 
organ. 

These  and  other  vital  organs  are  maintained  in  condition  to  do 
their  work,  whether  there  be  nutriment  enough  to  support  maxi- 
mum development  of  the  less  essential  organs  or  not;  in  fact,  the 
wellbeing  of  the  more  important  organs  is  maintained  at  the  ex- 
pense of  the  less  important  whenever  insufficiency  of  nutrients 
makes  this  necessary.  Thus  fatty  tissue  is  of  less  functional  value 
to  the  animal  than  most  others,  and  hence  is  sacrificed  whenever  the 
maintenance  of  more  important  tissues  requires  it.  Muscular  tissue 
also  may  be  used  up  to  such  extent  that  the  animal  becomes  much 
emaciated,  in  the  maintenance  of  more  important  tissues  in  condition 
to  perform  their  work. 

The  maintenance  of  the  neutrality  of  the  blood  and  tissues  is  of 
greater  importance  than  the  growth  of  the  bones,  and  hence  we  find 
bony  substance  sacrificed  whenever  its  carbonates  are  needed  to 
neutralize  a  dangerous  excess  of  mineral  acid.  In  pregnant  animals 
we  find  the  same  principle  evidenced  in  the  capacity  of  the  foetus  to 
rob  the  mother  of  any  such  nutriment  as  its  development 
requires. 

The  size  of  the  visceral  organs  is  regulated,  in  part,  in  accord- 
ance with  the  principle  that  they  take  from  the  blood-stream  such 
nutrients  as  they  require  to  carry  on  the  work  imposed  upon  them. 
Departures  from  the  average  development  in  the  directions  either  of 
increase  or  decrease  may,  therefore,  be  considered  as  partially 
determined  by  the  amount  of  work  which  has  been  required  of  the 
organs  in  question,  especially  if  these  organs  remain  normal  in  com- 
position, and  partially  by  the  capability  of  the  food  to  cause  gain  of 
the  sort  required. 
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The  following^  bulletia  coatains  in  addition  to  economic  data,  the 
be^nning^  of  a  series  of  studies  of  the  effects  of  foodstuffs  on  animals. 
It  consists  of  the  results  from  three  experiments,  the  conclusions 
from  the  first  beginnings  on  page  266,  and  from  the  second  and  third 
on  page  295.  A  general  summary  of  results  is  to  be  found  on  pages 
301  to  305. 

EXPERIMENT  I 

Objects,  The  objects  of  this  experiment  were  (1)  to  compare 
wheat  middlings,  linseed  oil  meal,  soy  beans,  tankage  and  germ  oil 
meal  as  supplements  to  corn  in  the  dry-lot  fattening  of  hogs  for 
market;  (2)  to  compare  full-feeding  on  these  rations  with  the  feed- 
ing of  restricted  amounts;  and  (3)  to  observe  the  effects  of  these 
rations  on  the  composition  of  the  flesh. 

Method  of  experimentation.  This  experiment  was  conducted 
during  the  months  of  April  and  May,  1905.  There  were  in  all  sixty- 
five  hogs  used  in  this  experiment.  They  were  divided  into  thirteen 
lots  of  five  each.  One  of  these  lots  was  killed  at  the  beginning  of  the 
experiment  and  the  carcasses  were  subjected  to  all  the  tests  which 
were  later  applied  to  the  hogs  in  the  experiment  proper,  this  lot 
constituting  the  check  or  basis  of  comparison  for  the  lots  which 
were  fed. 

These  hogs  were  all  grade  Poland  Chinas  and  were  about  seven 
months  of  age  at  the  time  the  experiment  began.  They  weighed 
about  120  pounds  each  and  were  in  good,  thrifty  growing  condition. 
All  had  run  upon  bluegrass  pasture  during  the  preceding  winter, 
and  had  received  nothing  but  corn  and  water  in  addition  to  the  feed 
which  they  picked  up.  They  were  a  uniform  lot  and  were  fairly  good 
in  quality.  The  same  proportion  of  gilts  and  barrows  was  kept  in 
each  experimental  lot.  These  hogs  were  fed  in  small  pens  with 
cement  floors,  the  sheds  sheltering  them  being  open  on  the  south. 
On  account  of  the  fact  that  these  hogs  had  all  received  the  same 
treatment  before  they  went  into  this  experiment,  they  were  given 
only  one  week's  preliminary  feeding  in  the  experimental  sheds. 

The  first  weights  were  taken  on  April  1,  before  the  evening* 
feed,  and  all  subsequent  weights  were  taken,  as  in  this  case,  before 
giving  the  evening  ration.  With  their  first  experimental  feed  they 
were  given  medicine  for  the  purpose  of  expelling  any  such  intestinal 
parasites  as  they  might  have  with  them.  This  procedure  has  been 
adopted  as  a  standard  method  of  operation  in  our  feeding  experi- 
ments, because  we  find  that  round-worms  are  so  exceedingly 
common  in  swine  that  a  feeding  experiment  undertaken  with  animals 
which  have  not  been  freed  from  these  parasites  is  not  at  all  certain 
to  give  accurate  results.     The  dose  administered  in  this  case  was 
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three  grains  of  ^ntonin  and  five  crrains  of  calomel  for  each  80  pounds 
3f  live  weight.  This  has  proven  to  be  an  especially  effective  remedy. 
The  hogs  were  fed  twice  daily,  at  regular  times.  All  feed  was 
ground  into  a  moderately  fine  meal,  and  fed  wet  with  water,  until 
just  thin  enough  to  pour  handily.  Nothing  in  the  way  of  ashes  or 
charcoal  was  given  to  any  lot,  but  salt  was  regularly  administered 
writh  the  grain,  to  the  amount  of  one  ounce  per  head  per  day.  The 
hogs  were  watered  regularly  after  feeding,  and  after  the  weather 
became  warm,  a  third  time  at  noon.  The  experiment  progressed 
From  start  to  finish  without  any  accident  or  sickness  to  detract  from 
the  reliability  of  the  results.  The  weather  throughout  the  whole  of 
the  experiment  was  ideal  for  our  purpose. 

table  i:  rations  usbd 
Lots  Rations  Amounts  fed 

1  Com  meal  Ad  libitum. 

2  \  Com  meal,  18.25  percent; 
I  wheat  middlings,  81.75  percent 

3  {  Corn  meal,  82.21  percent; 
I  linseed  oil  meal,  17.79  percent 

^  \  Corn  meal,  80.43  percent; 

i  soy  beans,  19.57  percent 
5  \  Corn  meal,  91.94  percent; 

i  tankage,  8.06  percent 
^  i  Corn  meal,  60.64  percent; 

(  germ  oil  meal,  39.36  percent 
7         Com  meal 
g  S  Corn  meal,  18.25  percent;  1.064  lbs.  for  each  pound 

}  wheat  middlings,,  81.75  percent  eaten  by  Lot  7. 

9  j  Com  meal,  82.21  percent;  1.0214  lbs.  for  each  pound 

I  linseed  oil  meal,  17.79  percent  eaten  by  Lot  7. 

jQ  j  Corn  meal,  80.43  percent;  1.016  lbs.  for  each  pound 

(  soy  t>eans,  19.57  percent  eaten  by  Lot  7. 

H  i  Corn  meal,  91.94  percent;  1.016  lbs.  for  each  pound 

I  tankage,  8.06  percent  eaten  by  Lot  7. 

^  j  Corn  meal,  60.64  percent;  1.01  lbs.  for  each  pound 

I  germ  oil  meal,  39.36  percent  eaten  by  Lot  7. 

13         Check  lot;  killed  at  beginning  of  experiment. 

Tbe  nutritiTe  ratio  was  the  same,  1:6.5,  in  each  case  except  where  com  was  fed  alooe 
as  to  Loto  1  and  7, 

As  will  be  seen  by  inspection  of  the  above  table,  there  were 
twelve  lots  of  h<^s  fed  in  this  experiment.  The  thirteenth  lot,  to 
which  we  shall  refer  throughout  the  bulletin  as  the  *'check  lot,"  was 
killed  just  as  the  other  twelve  went  on  feed,  this  one  furnishing"  us  a 
basis  for  judgment  as  to  the  changes  produced  during  the  fattening 
process.  Lots  1  to  6  were  fed  on  the  same  rations  as  Lots  7  to  12, 
the  only  difference  being  that  the  first  set  were  fed  to  the  limit  of 
their  appetites,  while  in  the  second  set  each  lot  was  given  just  such 
amount  of  feed  as  was  necessary  to  provide  the  same  number  of 
pounds  of  digestible   nutriment  as  was  consumed  by  Lot  7,  which 
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received  corn  alone,  ad  libitum.  All  of  these  rations,  except 
consisting  of  corn  meal  alone,  were  so  compounded  that  the  nut 
ratio,  or  proportion  of  proteid  to  non-proteid  organic  nutri 
was  as  1:6.5;  hence  it  is  seen  that  Lots  1  to  6  furnish  us  evidei 
to  the  comparative  usefulness  of  these  rations  as  ordinarily 
while  Lots  7  to  12  show  us  the  comparative  value  of  the 
amounts  of  digestible  organic  nutriment  in  the  same  nutritive 
but  from  different  sources. 

Corn  meal  was  fed  in  both  series  as  a  standard  ration, 
meal  and  wheat  middlings  were  used  in  rations  Nos.  2  and  8,  be 
of  the  high  esteem  in  which  middlings  is  held  by  pork  prod 
the  country  over.  In  order  to  get  a  ration  having  a  nut 
ratio  of  1:6.5,  it  was  necessary  to  feed  the  middling 
larger  proportion  to  corn  than  that  in  which  we  ordinarily  us 
feed  for  profit. 

Rations  3  and  9  are  'composed  of  corn  and  linseed  oil  m( 
combination  which  we  have  found  especially  efficient  and  econoi 
Rations  4  and  10  are  composed  of  corn  meal  and  soy  beans, 
beans  were  used  because  they  constitute  the  only  concenti 
nitrogenous,  grain  supplement  to  corn  which  we  commonly  f 
profitable  to  produce  on  the  farms  of  this  region. 

Rations  5  and   11   are  composed  of  corn    meal  and    dig 
tankage.     This  supplement  has  an  advantage  over  many  oth« 
that   its  greater  concentration   renders  it  unnecessary  that 
handled  in  such  large  quantities  as  the  grain  supplements.     ^ 
age  is  dried  and  ground  meat  scrap,  with  most  of  the  fat  rem 

Rations  6  and  12  are  composed  of  corn  meal  and  germ  oil 
This  supplement  is  a  by-product  from   the   manufacture  of  gli 
from  corn.     We  used  this  feed  in  order  to  balance  the  corn  i 
with  a  corn  product.      This    combination    gives    us  an  intere 
ration  to  compare  with  those  in  which  the  corn  is  balanced  by 
stufifs  produced  by  other  plants. 


TABLE  II: 


CHEMICAL  COMPOSITION  OP  PBEDS  USED 
IN  EXPERIMENT    I 


Feeds 


Com  meal 

Wheat  middlings 
Linseed  oil  meal . 
Germ  oil  meal.... 

Soy  beans 

Tankare 


Water 

Protein 
Nx6.25 

Nltro- 
aren-free 
extract 

Crude 
fiber 

Ether 
extract 

Ash 

Phos- 
phorus 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

15.87 

8.06 

69.06 

1.92 

3.64 

1.45 

.235 

12.77 

14  19 

59.26 

5.60 

4.53 

3.65 

.901 

9.32 

31.31 

41.85 

8.02 

4.50 

5.00 

.81 

10.50 

19.69 

49.27 

8.62 

9.17 

2.85 

.74 

10.87 

30.13 

31.90 

4.15 

17.65 

5.30 

.745 

7.90 

54.00 

10.44 

22.25 

3.238 
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This  table  sets  forth  the  chemical  compositioa  of  the  food 
stuffs  used.  It  will  be  noted  that  the  com  meal  contained  rather 
more  moisture  than  this  foodstuff  usually  carries  in  the  spring.  It 
was  also  rather  low  in  protein  and  in  fat.  The  wheat  middlings 
was  low  in  protein  and  high  in  fiber,  ash  and  phosphorus.  Its  ap- 
pearance and  composition  strongly  suggested  ground  bran.  The 
linseed  oil  meal  was  bought  for  the  ^^old  process**  article,  but  the 
oil  content  was  low.  The  germ  oil  meal  was  in  every  way  typical 
of  this  by-product  as  usually  found  on  the  market.  Its  high  oil  con- 
tent makes  it  necessary  that  it  be  fed  with  care,  especially  since  it 
also  necessitates  its  being  fed  in  large  proportion  with  corn,  if  used 
as  a  supplement  to  this  feed.  The  soy  beans  were  particularly  rich 
in  fat,  and  were  also  about  as  rich  in  protein  as  was  linseed  oil  meal. 
The  tankage  contained  54  percent  of  protein.  The  carbohydrate 
material  present  was  not  determined.  It  will  be  observed  that  the 
ash  content  of  the  vegetable  foodstuffs  used  ranged  from  1.45  per- 
cent in  corn  meal  to  5.3  percent  in  soy  beans,  but  that  the  tankage 
contained  22.25  percent.  Its  high  ash  content  was  due  largely  to 
the  fact  that  it  contained  a  considerable  amount  of  bone. 

The  lecithin  content  of  these  feeds  was  considered  because 
of  the  interesting  relation  of  lecithin  to  certain  tissues  in  the  body. 

Lecithin  is  a  wax-like  substance  composed  of  fat,  glycero-phos- 
phoric  acid  and  a  nitrogenous  group  called  choline.  It  is  found  in  all 
plant  and  animal  cells,  and  its  abundance  in  gland  cells  and  in  the 
germs  of  seeds,  which  contain  great  numbers  of  cell  nuclei,  suggests 
that  it  is  a  nuclear  constituent.  It  is  also  abundant  in  the  sexual 
elements,  in  eggs  and  in  the  nervous  system.  Its  relation  to  living 
processes  is  apparently  important,  but  its  significance  is  as  yet  not 
understood. 

Lecithin  is  a  highly  valuable  nutrient,  because  of  the  wide  range 
of  its  usefulness.  Its  importance  as  a  constituent  of  the  food  de- 
pends on  whether  or  not  the  animal  can  build  up  lecithin  from  other 
phosphorus  compounds.       This  question  is  not  yet  finally  settled. 

TABLE  III:    DIGESTIBILITY  OP  FEEDS  USED 


Pteds 

Number 

of 

triaU 

Dry 
matter 

Protein 
(Nx6.26) 

Crude 
fiber 

Nitro. 
gen-free 
extract 

Ether 
extract 

Authority 

Cora 

Wbeat  middlhiffs 

Linteed  oil  meal 

Germ  oil  meal* 

*»rbeinii**    . 

4 
2 
2 

4 
1 

02.0 
76.5 
77.5 
92.0 
81.9 

Pepoent* 
86.0 

78.2 

86.0 

86.0 

91.1 

97.0 

40.0 
48.2 
12.0 
40.0 
71.2 

Percent 
95.0 

86.2 

850 

95.0 

76.3 

Percent 
76.0 

94.5 

80.0 

76.0 

85.7 

87.0 

Wolff 
Mhin.  Sta. 
Mion.  Sta. 
Wolif 
Mass.  Sta. 

Tankage  ••• 

Wolflf 

'  Assumed  same  as  com. 

'  Digestibility  with  sheep. 

'  These  coefficients  determined  for  meat  meal. 
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Our  knowledge  of  the  digfestibility  of  even  the  commonest  food- 
stuffs for  swine  is  exceedingly  scanty.  We  have  assumed  that  the 
digestibility  of  the  different  nutrients  in  germ  oil  meal  was  the  same 
as  in  the  corn  from  which  this  foodstuff  was  made.  The  only  di- 
gestion experiments  with  soy  beans,  known  to  us,  were  conducted 
with  sheep  at  the  Massachusetts  Station,  and  these  figures  were 
used  in  this  experiment.  Since  we  had  no  digestion  tests  with 
tankage,  we  were  obliged  to  assume  that  the  protein  and  the  ether 
extract  in  this  feed  have  the  same  digestibility  as  in  meat  meal, 
upon  which  Wolff  conducted  a  digestion  experiment  many  years 
ago.  Recent  work  by  Dietrich  of  the  Illinois  Station  indicates  that 
the  figure  used  for  digestibility  of  protein  in  tankage  is  too  high. 
The  digestion  coefficients  which  we  have  used  for  com,  were  also 
determined  by  Wolff.  The  digestion  coefficients  of  linseed  oil  meal 
and  wheat  middlings  were  made  at  the  Minnesota  Experiment  Station. 

Some  of  the  assumptions  above  noted  are  unwarranted,  and 
doubtless  introduce  errors  into  our  work,  but  are  believed  not  to  be 
grossly  misleading.  Accuracy  would  have  required  that  digestion 
experiments  be  conducted  in  connection  with  the  test,  but  this  was 
not  possible. 

TABLB  IV:    NUTRIENTS  IN  ONB  HUNDRED  POUNDS  OP 
RATIONS  AS  COMPOUNDED 


Lots 

Feeds 

Diarestible 
protein 

Digestible 

carbo- 
hydrates 

Digestible 
ether 
extract 

Phosphorus 

Lecithin 

1 

Corn  wi^fl^l 

Lba. 
6.93 

Lbs. 
68.37 

Lbs. 
2.77 

Lbs. 
.24 

Lbs. 
.11 

2 

Corn  meal; 

wheat  middlinffs.* . 
Total 

1.26 
8.84 
10.10 

12.11 
43.97 
50.08 

.51 
3.60 
4.01 

.04 
.74 
.78 

.02 
.60 
.88 

3 

Com  meal: 

linseed  oil  meal.  • . . 
Total 

6.70 
4.79 
10.40 

54.56 

6.50 

01.00 

2.28 

.64 

282 

.19 
.15 
.84 

.09 
.16 

.81 

4 

Corn  meal:. 

5.57 
5.37 
10  94 

63.38 
6.34 
58.72 

2.23 
2.96 
519 

.19 
.15 
.84 

.00 

soy  t>eans« 

•36 

Total 

.4S       • 

5 

Com  meal; 

637 
4.22 
lO.fO 

61.02 
0108 

2.55 

.73 

8.88 

.22 
.26 
.tt 

.10 
.00 

Total 

It 

6 

Com  meal; 

fferm  oil  meal 

Total 

4.20 
6.66 
10.08 

40.25 
19.76 
00.01 

1.68 
2.74 
4.48 

.14 
.29 
.tt 

.07 
.4S 
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It  mast  be  borne  ia  miad  that  the  specific  effects  of  each  of 
these  rations  is  dependent  on  the  proportions  in  which  the  con- 
stituent foodstuffs  are  present.  The  characteristic  effects  of  the 
rations  containing^  wheat  middlings  and  linseed  oil  meal,  for  in- 
stance, depend  on  the  presence  of  these  supplements  in  a  particu- 
lar proportion.  Linseed  oil  meal  contains  considerably  more  leci- 
thin than  does  wheat  middlings,  but  the  ration  containing  the  oil 
meal  contains  very  much  less  lecithin  than  the  one  containing  the 
middlings;  this  because  the  oil  meal  was  fed  in  so  much  smaller 
proportion  to  the  corn  than  the  middlings.  Hence  it  is  well  to  bear 
in  mind  that  we  are  observing  the  characteristics,  not  of  individual 
foodstuffs,  nor  of  chemical  compounds,  but  of  rations.  This  gives 
an  especial  significance  to  Table  IV,  page  246. 

The  com  ration,  compared  with  the  others,  is  low  in  protein, 
<n  phosphorus  and  in  lecithin,  but  high  in  carbohydrates. 

The  wheat  middlings  ration  is  the  least  concentrated  of  all, 
since  it  contains  the  highest  percentage  of  indigestible  fiber.  It 
contains  more  phosphorus  and  lecithin  than  any  other  ration. 

The  remaining  four  rations  are  about  equally  concentrated, 
though  the  linseed  oil  meal  and  soy  bean  rations  contain  less  phos- 
phorus than  the  tankage  and  the  germ  oil  meal  rations.  The  soy 
bean  ration  also  contains  less  starch  and  more  fat  than  the  tankage 
and  the  linseed  oil  meal  rations. 

The  palatability  of  these  rations  is  indicated  by  the  amounts 
eaten  by  Lots  1-6.  (Table  V,  page  248.)  Many  have  considered  com 
to  be  more  palatable  to  hogs  than  other  foodstuffs,  but  these  hogs  ate 
less  of  the  ration  of  corn  alone  than  of  any  other  except  the  ration  of 
com  and  germ  oil  meal.  This  last  was  a  hard  ration  to  feed.  In 
ifeneralit  was  more  palatable  than  corn,  but  after  eating  of  it  heartily 
for  several  days,  the  pigs  would  suddenly  go  off  feed  badly.  It  was 
hard  to  get  their  measure.  The  germ  oil  meal  is  bulky  when  wet, 
swelling  through  the  absorption  of  a  large  amount  of  water.  While 
it  may  be  useful  as  a  component  of  a  more  varied  ration  it  was  not 
satisfactory  as  a  single  supplement  to  com. 

It  seems  likely  that  the  unsatisfactory  character  of  this  ration 
was  due  to  the  fact  that  all  of  its  proteids  came  from  corn. 

Animals  construct  the  proteids  of  their  bodies  from  proteids 
only.  The  food  proteids,  however,  cannot  be  built  up  into  animal 
tissues  until  they  have  been  split  up  into  the  primary  nitrogenous 
groups  from  which  they  are  composed,  and  then  rearranged  and 
reunited  to  form  the  particular  compounds  required  by  the 
animal. 
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TABLE  V:    TOTAL  NUTRIENTS  FED 


Lots 

Ratioaa 

ToUl 

feed 

oonsumed 

Digestible 
protein 

Digestible 

carbo- 
hydrates 

Digestible 

ether 

extract 

Phos- 

Lecithin 

1 

C/tm  meAl •>«... 

Lbs. 
12U2.5 

Lbs. 
89.57 

Lbs. 
87583 

Lbs. 
35.80 

Lbs. 
3.04 

Lbs. 
1.44 

2 

Core  meal: 

wbeat  middlings... 

1466.5 

147.13 

816.77 

68.33 

11.35 

9.09 

3 

Q,ofn  inc^ftlt---  • 

/ 1799.0 

188.68 

1008.60 

92.60 

6.09 

liofleed  oil  meal 

4.62 

4 

Com  meal; 

17290 

18927 

1015.27 

89.73 

6.78 

(wy  twans- --*---• -T  - - 

7.7^ 

5 

Com  meal;. 

1786.0 

18920 

1089.83 

68.65 

8.51 

tankage 

3.44 

6 

Com  meal : 

1277.5 

13881 

766.63 

56.61 

5.54 

fferm  oil  meal 

6.09 

7 

Commeal 

1306.6 

90.64 

867.12 

36.19 

3.07 

1.45 

g 

Cora  meal- 

1297.6 

131.06 

727.66 

61.96 

10.13 

wbeat middlioffs.  ... 

8.00 

9 

Com  meal;   -  -  - 

133S.7 

139.88 

814.38 

38.91 

452 

linseed  oil  meal 

3.42 

10 

Com  meal; 

1327.5 

145.32 

779.51 

68.89 

4.44 

593 

11 

Com  meal; 

1327.6 

140.62 

810.05 

43.5f 

633 

ta     age 

2.56 

12 

Com  meal; 

1298.5 

136.75 

755.22 

66.66 

5.46 

gem  oil  meal 

6.00 

It  is  easily  conceivable  that  the  proteids  of  corn  should  not  con- 
tain these  primary  nitrogenous  groups  of  the  kinds  and  in  the  pro- 
portions most  useful  for  the  building  up  of  the  proteids  of  the  hog:*s 
body. 

The  rations  of  mixed  origin  furnish  a  greater  variety  of  plant 
proteins,  froifi  which  the  animal  can  select  constituents  more  exactly 
suited  to  its  particular  needs. 

The  wheat  middlings  ration  was  eaten  in  larger  quantity  than 
the  two  above  mentioned,  but  the  hogs  consuming  this  feed  did  not 
eat  heartily  and  were  easily  forced  off  feed. 

Recent  experiments  indicate  that  the  unfavorable  effects  of 
wheat  bran  and  middlings,  when  used  in  too  large  proportion  to 
other  feeds,  are  due  to  the  excessive  amounts  of  magnesium  which 
they  contain. 
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Mineral  salts  exercise  a  regfulative  function  over  acrreat  number 
)f  the  vital  processes  in  animals.  The  maintenance  of  this  control 
requires  that  the  various  salts  be  present  in  the  liquids  of  the  body 
n  definite  quantitative  relation,  one  to  another.  (See  Bui.  201,  Ohio 
^.  Exp.  Sta,). 

Ma^rnesium  and  calcium  salts  appear  to  be  antagonistic  in  their 
Lction,  and  the  introduction  of  excessive  quantities  of  macfnesium 
jalts  into  the  circulation  seems  to  result  in  the  withdrawal  of 
calcium  from  certain  tissues,  to  protect  others  from  the  action  of 
nagnesium.     The  excess  of  both  is  then  excreted.* 

Thus  the  consumption  of  feeds  like  bran  and  middlings,  which 
ire  characterized  by  very  high  magnesium  contents,  may  cause  a 
:on8iderable  loss  of  calcium  from  the  body. 

The  failure  of  certain  investigators  to  maintain  hogs  on  wheat 
middlings  alone,  may  be  due  to  this  factor,  as  may  also  be  the 
ixistence  of  "bran  disease",  "shorts  disease",  or  "miller's  horse 
rickets"  in  horses. 

The  author  has  made  considerable  use  of  wheat  bran  as  a  food 
For  brood  sows,  and  has  regarded  it  very  highly.  The  above  facts 
regarding  the  effects  of  an  excess  of  magnesium  in  the  body  recall 
to  mind,  however,  a  number  of  sows  which  broke  down  while  on 
this  ration.  Some  recovered  when  the  pigs  were  taken  away. 
Others  had  to  be  killed.  The  indications  are  that  an  excess  of 
magnesium  and  the  consequent  loss  of  calcium  from  the  body,  to- 
gether with  the  removal  of  salts  through  lactation,  were  responsible 
for  these  troubles.  The  use  of  chalk  in  the  ration,  with  the  bran, 
would  certainly  have  tended  to  alleviate  the  unfavorable  symptoms. 

At  the  close  of  the  experiment  the  hogs  receiving  linseed  oil 
meal  were  cleaning  up  their  feed  much  better  than  any  others. 
They  were  consuming  feed  in  excess  of  their  ability  to  digest  it,  as 
was  shown  by  the  appearance  of  undigested  meal  in  the  feces,  but 
their  appetites  never  faltered. 

The  linseed,  soy  bean  and  tankage  rations  were  each  eaten 
practically  to  the  full  limit  of  the  capacity  of  the  hogs,  so  that  the 
differences  in  palatability  are  not  fully  shown  by  the  figures.  The 
oil  meal  ration  was  consumed  much  more  rapidly  after  the  sixty  days 
full-feeding  than  either  the  tankage  or  the  soy  bean  rations. 

The  wheat  middlings  ration  contained  much  the  most  phos- 
phorus and  lecithin.  Corn  is  low  in  both,  but  corn  and  soy  beans 
together,  make  a  ration  which  is  rich  in  these  constituents. 

*Bleadel  and  Benedict:    Jonrn.  BioL  Cbem.,  Vol.  4.  Na  2;  Amer.  Jonrn.  PhysioL.  VoL  25.  No.  1. 

Maloom:  Joan.  Physiol.,  Vol.  32,  p.  182. 

MeltKr  and  Auer:  Amer.  Jonrn.  PhysioL.  Vol.  14.  p.  366;  VoL  21,  p.  400. 

FbcteK  BoL  207,  Ohio  Affr.Bxp.  Sta.,  pp.  34.  37, 30. 44, 47. 
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The  tankage  ration,  with  its  hig^h  content  of  bone,  was    rich 
phosphorus,  but  its  lecithin  content  was  low. 

Lots  7-12,  the  limited  ration  series,  were  each  to  have  been  1 
the  same  amount  of  digestible  nutriment,  but  our  plans  did  i 
work  out  with  absolute  exactness.  The  wheat  middlings  and  get 
oil  meal  lots  were  so  capricious  in  their  appetites  that  they  bad 
be  allowed  the  liberty  of  going  their  own  gait,  and  they  fell  behi 
the  standard. 

The  four  other  lots  each  received  exactly  the  same  number 
pounds  of  digestible  nutriment,  but  when  the  non-nitrogenous  co 
stituents  were  computed  to  **starch-equivalent",  as  in  this  table,  i\ 
total  amounts  of  nutriment  no  longer  appear  to  be  the  same,  I 
cause  of  the  differences  in  the  fat-content  of  the  rations,  fat  havii 
a  higher  value  than  starch. 

As  the  final  results  stand,  however,  we  have  a  basis  for  a  vei 
satisfactory  comparison  between  the  three  most  profitable  ratioi 
fed,  those  containing  linseed  oil  meal,  soy  beans,  and  tankagre,  c 
two  levels  as  to  quantity. 

TABLE  VI:    GAIN  IN  WEIGHT  PER  POUND  DIGESTIBLE  PROTEIN 
AND  NON-NITROGENOUS  STARCH-EQUIVALENT 


Rations 

Lot 

Total 
nutriment 
consumed 

Gain 
per  pound 
nutriment 

Lot 

Total 
nutriment 
consumed 

Gain 
per  pound 
nutriment 

1 
2 
3 
4 
5 
6 

Lbs. 
1033.3 

1103.9 

1413.2 

1419.9 

1419.6 

1041.06 

Lbs. 
.266 

.344 

.3S6 

.368 

.364 

.306 

7 
8 
9 
10 
11 
12 

Lbs. 
1044.6 

963.4 

1047.6 

1000.2 

10662 

1025.6 

Lbs. 
.275 

Corn:  wheat  middlinffs .... 

Cora;  linseed  oil  meal 

Corn  *  soy  t>eans  .........  ^ 

.374 
.364 
.828 

Cckh;  tankage. . ,  t  -  - 

.327 

Corn;  germ  oil  meal 

.314 

In  the  full-fed  series.  Lots  1-6,  the  gain  per  pound  of  digestible 
nutriment  was  less  with  the  com  lot  than  with  any  other;  the  com 
and  germ  oil  meal  ration  was  also  distinctly  less  efiScient  than  the 
other  mixed  rations.  The  linseed  oil  meal,  tankage,  and  soy  bean 
rations  were  found  to  have  almost  exactly  the  same  ability  to  cause 
gain  in  weight,  while  the  wheat  middlings  ration  was  less  e£Scieot 
in  this  regard. 

In  the  limited  ration  series,  Lots  7-12,  the  rations  of  com,  and  of 
corn  and  germ  oil  meal,  proved  again  to  be  less  efficient  than  the 
others.  The  higher  relative  efficiency  of  the  wheat  middlings,  and 
linseed  oil  meal  rations  in  this  series,  if  these  figures  represent  the 
actual  facts,  would  lead  us  to  the  conclusion  that  they   have  a  use- 
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fulness  which  is  due  to  factors  which  are  as  yet  obscure.  It  is 
possible  that  the  hig^h  phosphorus  content  of  the  middlings  ration 
was  an  advantage,  and  that  its  high  fiber  content  helped  to  satisfy 
the  pigs.  During  most  of  the  experiment  this  lot  was  really  fed 
ad  libitum.  The  linseed  oil  meal,  soy  bean  and  tankage  lots  suffered 
from  a  constant  affliction  of  appetite,  which  may  have  retarded 
their  fattening. 

Too  close  a  comparison  should  not  be  drawn  between  the  re- 
sults in  these  two  series,  because  the  two  rows  of  pens  were  not  ex- 
actly alike,  there  being  slightly  more  sunshine  in  the  pens  of  the 
limited  ration  series.  The  corn  straight,  the  wheat  middlings,  and 
the  germ  oil  meal  rations,  which  were  really  fed  ad  libitum  in  both 
series,  were  all  slightly  more  efficient  in  the  second  one. 

It  is  impossible  to  make  a  statement  of  the  financial  outcome  of 
such  a  comparison  of  feeds,  which  will  be  at  the  same  time  useful 
and  true.  The  reason  is  that  market  conditions  are  never  the  same 
at  two  different  times,  or  in  two  different  places.  The  relative 
prices  of  feeds  today,  in  any  given  market,  do  not  apply  in  any  other 
market,  and  in  all  probability  vnll  never  again  recur. 

We  would  suggest  that  the  cost  of  pork  mad,e  from  these  rations 
be  calculated  as  follows,  using  such  prices  for  feeds  as  prevail  at  the 
time  and  place  of  interest. 

Suppose  corn  meal  to  cost  56  cents  per  bushel,  linseed  oil  meal 
$30.00  per  ton,  and  tankage  $40.00  per  ton;  or  com  1  cent  per  pound, 
oil  meal  1.5  cents  per  pound  and  tankage  2  cents  per  pound.  (See 
Table  VII,  page  252.) 

With  Lot  1  it  took  471.7  pounds  of  corn  to  make  100  pounds  of 
pork.  At  1  cent  per  pound  this  corn  would  cost  $4.72.  With  Lot 
3,  receiving"  corn  meal  and  linseed  oil  meal,  there  were  required  to 
produce  100  pounds  of  pork,  357.6  pounds  of  feed,  of  which  17.79 
percent  or  63.62  pounds  were  oil  meal,  (cost  63.62 X  1.5=95.4  cents), 
and  82.21  percent,or  293.98  pounds  were  corn,  (cost  $2.94).  Adding 
these  two  costs,  $0.95  and  $2.94,  we  find  that  100  pounds  of  pork 
cost  $3.89. 

With  Lot  5,  receiving  corn  meal  and  tankage,  there  were  re- 
quired 355.8  pounds  of  feed  to  make  100  pounds  of  pork.  Of  this 
feed,  91.94  percent,  or  327.12  pounds,  were  corn— cost  $3.27;  while 
8.06  percent,  or  28.68  pounds,  were  tankage — cost  $0.57.  Adding 
these  costs  of  corn  and  tankage,  $3.27+.57=$3.84,  the  cost  of  100 
pounds  of  pork  with  this  ration. 

In  considering  the  replacement  values  of  the  supplements,  as 
set  forth  in  the  fourth,  fifth  and  sixth  columns  of  figures  in  Table 
Vn,  it  is  necessary  to  bear  in  mind  the  fact    that    pork    is    not 
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cessarily  made  most  cheaply  by  the  use  of  the  supplement  having: 
t  highest  replacement  value,  as  was  demonstrated  by  the  author 
Missouri  Bulletin  No.  65. 

Consider,  for  instance,  the  above  computation  of  the  cost  of 
rk.  Th&  cost  is  practically  the  same  where  linseed  oil  meal,  and 
lere  tankag^e  are  used,  even  though  tankage  has  a  very  much 
rher  replacement  value  than  linseed  oil  meal,  as  is  shown  in  Table 
I,  on  pagre  252.  This  is  due  to  the  higher  cost  of  tankage,  and 
t  smaller  percentage  of  tankage  used  to  balance  the  ration. 

Comparing  corn  alone  with  the  supplemented  rations,  we  find 
it  the  linseed,  tankage,  and  soy  bean  rations  made  about  85  per- 
it  more  gain  in  the  same  time.  The  longer  the  feed,  the  greater 
the  loss  of  possible  profit  by  feeding  corn  by  itself. 

The  wheat  middlings  rations  were  more  efficient  than  corn 
>ne,  the  gain  being  greater,  and  the  feed  required  being  less.  It 
ist  be  borne  in  mind,  however,  that  the  character  of  the  increase 
s  very  different  in  these  two  cases.  The  middlings  hogs  grew, 
t  did  not  fatten  much.  The  corn-fed  hogs  were  perceptibly 
aller,  but  fatter.  The  middlings  hogs  had  conspicuously  heavy 
its  of  hair. 

The  fourth,  fifth  and  sixth  columns  of  figures  state  the  costs 
the  supplements  at  wihich  it  would  be  an  even  thing  whether  they 
used  with  the  corn  or  not.  If  the  supplements  can  be  purchased 
prices  less  than  those  stated,  they  will  return  a  profit;  otherwise 
t. 

As  com  varies  in  price  between  40  and  60  cents  per  bushel, 
leat  middlings  may  be  valued  between  $19.92  and  $26.87  per  ton; 
it  is,  to  make  it  an  even  thing  whether  the  middlings  be  used  with 
5  corn,  or  the  corn  be  fed  alone. 

In  the  same  way  linseed  oil  meal  varies  in  value,  in  terms  of 
rn  saved  by  its  use,  between  $37.98  and  $50.90  per  ton;  soy  beans 
tween  $40.56  and  $60.94  per  ton;  tankage  between  $67.73  and 
1)1.82  per  ton,  and  germ  oil  meal  between  $19.90  and  $29.90  per 
1. 

The  linseed  oil  meal,  soy  bean  and  tankage  rations  returned  very 
tisfactory  profits,  and  each  produced  gains  in  weight  of  about  1.7 
unds  per  head,  per  day,  at  about  the  same  expenditure  of  feed, 
iiese  foodstuffs  vsdll  still  return  a  profit  at  considerably  increased 
St,  as  is  indicated  by  the  valuations  in  the  fourth,  fifth  and  sixth 
lumns  of  figures. 

The  soy  bean  has  the  advantage  of  being  capable  of  successful 
►me  production.  This  test  shows  it  to  be  particularly  valuable  as 
bog  feed.     The  method  of  this  experiment  furnishes  a  very  satis- 
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factory  comparison  between  this  feed  and  the  others  used,  but  tor 
profit  we  would  doubtless  use  another  system.  For  fall  feeding:  the 
beans  may  be  *  ^hogged  oW\  corn  being:  fed  in  addition,  and  the  hog^s 
being*  restricted  as  to  range  over  the  field,  by  a  movable  fence.  For 
winter  feeding  the  beans  may  be  cut  a  little  early,  cured  as  hay, 
and  fed  as  a  supplement  to  corn,  without  preparation. 

The  germ  oil  meal  lots  were  a  disappointment.  This  com 
product  seems  not  to  be  the  proper  thing^  to  use  as  a  supplement  to 
corn;  other  feeds  are  better  adapted  to  this  purpose.  The  ration 
was  neither  cheap,  nor  efficient,  nor  palatable,  and  the  grains  made 
were  not  large. 

The  linseed  oil  meal,  soy  bean,  and  tankage  hog^s  were  much 
fatter  than  the  com  and  middlings  lots.  The  linseed  oil  meal  hogs 
graded  *'prime"  in  condition,  and  possessed  that  uniformly  high 
finish  which  has  made  this  feed  a  favorite  with  breeders  of  fine 
stock.  The  soy  bean  and  tankage  lots  were  graded  **choice",  being 
not  quite  so  fat  nor  so  uniformly  fat  as  the  linseed  lot.  The  germ 
oil  meal  lot  graded  "good,"  was  fatter  than  either  the  com  or  the 
middlingfs  hogs,  and  ranked  ahead  of  the  com  lot,  but  much  behind 
the  middlings  lot  in  apparent  growth  of  frame. 

From  the  limited  ration  series,  Lots  7-12,  we  may  draw  this 
practical  conclusion:  The  lessg'ain  a  hog  is  making,  the  more 
nearly  does  corn  become  a  perfect  food,  aiift  the  less  will  be  the 
profit  from  the  use  of  nitrogenous  supplements.  Large  con- 
sumption of  feed  and  large  grains  in  weight  are  essential  to  the 
most  profitable  use  of  supplementary  feeds.  Com  is  more  rich  in 
protein  than  is  necessary  in  a  mere  maintenance  ration,  but  the 
further  we  gfet  from  the  maintenance  ration,  that  is,  the  more  flesh 
we  produce  in  a  given  time,  the  less  efficient  is  com  alone,  and  the 
greater  is  the  need  of  supplements.  This  principle  receives 
constant  recognition  from  dairymen,  who  know  that  the  more  milk 
a  cow  produces,  the  narrower  must  be  her  ration,  but  we  do  not 
happen  to  have  seen  the  point  mentioned  in  connection  with  meat 
production.     It  is,  of  course,  so  obviously  true  as  to  need  no  proof. 

After  the  completion  of  the  feeding  test,  the  sixty  hogs  were 
shipped  to  a  small  packing-house  at  Alton,  Illinois,  where  arrange- 
ments had  been  made  for  the  killing. 

After  the  hogs  were  dressed,  the  carcasses  were  cooled, 
and  the  tenderloin  muscles  dissected  out,  weighed  and  placed  in 
screw-top  bottles  with  rubber  rings  to  prevent  evaporation. 

A  cross-section  taking  in  the  sixth  rib  was  procured  from  each 
hog.  Each  cross-section,  as  cut  out,  was  wrapped  in  parchment 
paper,  to  prevent  evaporation,  until  it  could  be  sampled  for  analysis. 
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In  preparing:  them  for  sampling:,  the  skin  and  bones  were  removed, 
and  the  remainder  repeatedly  run  through  a  sausage  mill  so  that  the 
parts  might  be  well  mixed.  Composite  samples  were  prepared  from 
each  lot  of  five  pigs,  and  after  much  grinding  and  mixing  were  put 
into  small  bottles,  packed  in  an  ice-cream  packer,  and  expressed  to 
Columbia  for  analysis.     The  tenderloins  were  similarly  treated. 

As  the  carcasses  were  being  cut  up,  each  was  examined  by  the 
superintendent  of  the  packing  plant.  None  were  found  objection- 
ably soft.  The  linseed  oil  meal  hogs  were  characterized  by  con- 
spicuous thickness,  firmness,  and  especially  evenness,  of  the 
covering  of  fat.  The  butchers  learned  in  a  very  few  minutes  to 
pick  out  those  that  had  received  oil  meal,  by  their  marked  excel- 
lence. They  were  especially  interested  because  it  had  been  their 
belief  that  this  feed  produced  soft  pork. 

The  soy  bean  hogs  were  slightly  less  firm  than  the  linseed  oil 
meal  hogs,  but  not  objectionably  so.  The  tankage  hogs  also 
occasioned  favorable  comment. 

In  general,  those  hogs  which  were  least  fat  were  least  firm  in 
the  fat.  This  explains  the  fact  that  the  middlings  hogs  were  the  soft- 
est, they  being  the  least  fat.  A  middlings-fed  hog  that  is  finished 
has  an  unexcelled,  brittle  hardness  of  fat. 

The  germ  oil  meal  hogs  were  also  too  backward  in  condition  to 
appear  to  especial  advantage.  The  most  noticeable  thing  about  the 
cutting,  however,  was  the  relative  development  of  fat  and  lean  in  the 
carcasses.  Every  hog  which  was  conspicuous  for  the  thickness  of 
its  lean  meat  came  from  a  wheat  middlings  lot.  The  characteristic 
of  the  corn-fed  hogs  was  that  these  appeared  to  have  deposited  much 
fat  within  the  lean,  but  were  not  especially  thick  in  either  fat  or 
lean. 

The  linseed  oil  meal,  and  soy  bean  hogs  had  the  appearance  of 
having  both  grown  and  fattened,  neither  function  predominating  to 
a  noticeable  extent. 

These  hogs,  weighing  about  120  pounds  at  the  beginning  of  the 
experiment,  were  fed  out  in  sixty  days,  the  best  of  them  to  good 
fat-hog  weights,  as  is  seen  in  the  first  column  of  figures  in  Table  VIU, 
page  255. 

The  last  column  gives  the  percentage  of  dressed  to  live-weight. 
The  lack  of  proper  scales  at  the  packing  house  made  it  necessary 
that  we  base  this  figure  on  our  Columbia  weights,  hence  the  hogs 
appear  to  have  dressed  a  low  percentage  of  carcass. 

In  the  full-fed  series.  Lots  1  to  6,  the  linseed,  soy  bean  and 
tankage  lots  outdressed  the  corn  lot  in  spite  of  having  heavier  waste 
parts.     They  were  decidedly  fatter. 
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In  the  limited  ration  series,  Lots  7  to  12,  t 
e  lots  outdressed  the  corn  lot,  while  in 
ddling^  lot  ranked  last  as  to  percentagfe  of 
ley   had    fattened    very    little  and    their 
v^eloped. 

These  weights  of  parts  are  here  set  down 
t  record,  but  their  true  significance  is  not 
I  next  three  tables  being  so  computed  as 
sfulness. 

In  both  series,  (Table  IX,  page  258^,  the  con 
rcentage  of  net  to  gross  dressed  weight,  wl 
each  series  yielded  the  highest  percentage, 

the  linseed  oil  meal  lot.  The  net  dressed 
sssed  weight  minus  the  head,  leaf-lard  and 
ablishments,  the  ham  facings.  It  represei 
J  cooler.  If  in  the  development  of  the  hog, 
d  should  fall  behind  the  muscular  system  i 
uld  have  an  increased  percentage  of  net  to 
lis  is  just  what  took  place  in  the  middl 
Besh,  whether  it  be  due  either  to  developi 
ids  to  increase  the  percentage  of  net  to  i 
lis  is  of  importance  to  the  packer,  since  th 
vorth  more  per  pound  than  the  gross  dress 

The  percentage  of  leaf-lard  is  a  good  indi 
int  of  the  internal  fat  generally.  An  abunc 
lOg  is  much  in  the  packer's  interest,  but  ii 
ceding  animal  on  the  farm.  Pressure  of  in 
ctive  and  other  vital  organs  cannot  fail 
reously,  through  impairment  of  the  circi 
)6e  parts. 

The  largest  proportion  of  kidneys,  lungs, 
re  in  both  series  found  in  the  wheat  n 
rtially  due  to  the  fact  that  these  hogs  were 
^o  to  the  fact  that  these  parts  were  well 
parent  from  an  inspection  of  Table  VIII,  pa 
e  middlings  lots,  Nos.  2  and  8,  were  both  re 
"ger  than  any  others.  The  tenderloin  muse 
>t  2  being  both  relatively  and  absolutely  lar 
:,  while  in  Lot  8  they  were  absolutely  heavie 
cond  series,  but  relatively  not  heavier  than 
t.  The  only  difference  known  to  exist  betw< 
m&  and  those  fed  to  the  other  lots,  which  mi 
arkable  showing,  is  in  the  phosphorus  conten 
ing  especially  rich  in  easily  assimilable  phoi 
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SPECIFIC  EFFECTS  OF  RATIONS  ON  SW 

:  is  interesting  to  note  that  in  Lot  13,  the  check 
at  the  beginning  of  the  experiment,  the  percent 
,  liver,  spleen  and  tenderloin  muscle  were  all  lai 
other  lots  after  sixty  days'  feeding.  The  lun 
iber  of  cases  were  relatively  heavier  in  the  fatt( 
a  check  lot. 

TABLE  X:    PBRCBNT  OF  INCRSASB  IN  LIVB  WBIQHT 
CERTAIN  PARTS  AND  ORGANS 


Rations 

Lire- 
weight 

Leaf, 
lard 

Kid. 
ncys 

Lungs 

Heart 

Li 

Com 

52.2 
67.0 
88.3 
88.7 
91.8 
68.4 

112.4 
75.8 
1566 
181.8 
191.4 
112.3 

2474 
6962 
66.99 
6953 
61.31 
35.45 

66.4 
139.1 
114.3 
97.3 
79.8 

m.5 

22.16 
42.07 
50.42 
42.06 
45.51 
24.65 

u 

Cani;wheat  middl^gs. 
Corn;  linseed  oil  meal 

Corn;  soy  beans 

Com;  tankage 

Com;  gem  oil  meal. 

5f 
5f 
6( 
5S 
3S 

Cora 

53.3 
63.8 
697 
63.3 
66.7 
59.5 

186.5 
74.0 
124.0 
122.4 
117.1 
82.1 

34.69 
66.36 
45.37 
69.50 
41.47 
48.75 

43.8 
98.2 
60.7 
92.9 
50.5 
50.3 

1421 
37.96 
4286 
41.19 
3837 
23.45 

9n 

Com;  wheat  midd'gs 
Cora;Unseed  oil  meal 
Com;  soy  beans 

Cora;  germ  oil  meal. 

50 
49 
53 
42 
3S 

a  the  sixty  days  of  this  experiment  these  : 
ased  in  weight  to  the  extent  of  52-92  percent,  < 
nt  and  kind  of  feed.  Corn  alone  produced  th< 
ge  of  increase.  The  rations  containing  linse< 
i  and  tankage,  in  the  full-fed  series,   produced 

percentage  of  increase  in  weight.  They  rec< 
nt  of  nutriment,  (Table  VI,  page  250),  and  hen 

eflficiency.  This  gives  us  an  excellent  opportu 
iflFerence  in  the  kind  of  gain  produced  by  these 
in  leaf-lard  differed  considerably,  the  tankage  n 
;oy  bean  ration  being  second,  and  the  linseec 
.    The  gain  in  tenderloin  muscles  also  differ( 

•  of  these  three  lots  was  just  reversed,  the  linsee 
)  produce  the  most  growth,  the  soy  bean  ration 
Lge  ration  last.  The  tankage  ration  contained 
e  three  lots  gained  in  lungs  and  in  spleen  in  the 

*  as  in  the  tenderloin  muscles;  that  is,  linseed  oil 
}  second,  and  tankage  third. 
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The  wheat  middlings  ration,  No.  2,  with  much  less  gain  ir 
weight,  gained  very  much  more  than  the  linseed  oil  meal,  soy 
or  tankage  rations,  in  weight  of  tenderloin  muscle.  This  n 
excels  all  others  in  this  regard  in  both  series.  In  the  full-fed  s< 
the  middlings  lot  excelled  all  others  in  the  gain  made  in  kidneys 
lungs,  as  well  as  in  the  tenderloin  muscles. 

The  germ  oil  meal  lot,  No.  6,  would  appear  from  the  increa: 
the  leaf-lard,  not  to  have  fattened  much  better  than  the  corn  lot 
the  additional  protein  caused  a  markedly  greater  increase  in  kidr 
lungs,  liver  and  tenderloin  muscles  in  this  germ  oil  meal  lot  th* 
the  corn  lot,  No.  1. 

The  corn  lot  seems  to  have  made  the  least  increase  of  all  ic 
weight,  kidneys,  lungs,  heart,  liver,  and  tenderloin  muscles.  T 
observations  are  true  in  both  series. 

In  the    second,  or   limited  ration  series,  Nos.   7-12,   the   c 
and  the  germ  oil  meal  rations  produced  the  least  gain  in  weight, 
this  series  the  best  comparisons  may  be  made  between  Lots  7, 
and  11,  since  they  received  very  nearly   the  same  amounts  of  n 
ment,  as  is  seen  in  Table  VI,  page  250. 

The  corn  lot.  No.  7  in  this  series,  gained  much  more  in  leaf- 
than  other  lots.  It  was  last  of  all,  however,  in  increase  of  e 
other  part  observed. 

The  kidneys  and  livers  of  the  soy  bean  lot  excelled  othei 
gain  in  weight,  while  in  the  middlings  lot  the  lungs  and  tendei 
muscles  were  heavier  than  in  other  lots. 

The  data  in  this  table  have  reference  to  the  gain  in  each  oi 
by  itself,  independent  of  all  else.  In  the  following  table,  No. 
page  261,  the  gain  in  these  organs  is  in  each  case  referred  tc 
gain  in  live  weight,  so  that  we  are  able  to  say  that  for  each  per 
of  gain  in  live-weight  of  the  animal,  each  of  these  organs  increas 
certain  part  of  one  percent  of  its  own  weight.  In  case  the  an 
were  developing  just  symmetrically  in  all  parts,  the  percent  of  i 
in  each  one  of  these  portions  would  be  the  same  as  in  live-wei 
The  departures  from  this  order  are  interesting  and  significant. 

This  table,  more  than  any  other,  exhibits  the  real  spe 
influence  of  these  rations.  In  both  series  the  corn  lot  gained  in 
lard  much  more  rapidly  than  in  live-weight,  and  also  gained  relati 
more  in  leaf-lard  than  any  other  lot.  In  all  other  parts  except 
lungs,  the  gain,  relative  to  gain  in  weight  of  these  corn  fed  hog 
very  low.  It  is  probably  more  than  a  coincidence  that  the  lungs 
leaf-lard  should  exceed  other  parts  in  proportionate  gain.  T 
observations  refer  us  to  the  two  methods  of  disposal  of  the  ex 
non-nitrogenous  starch-equivalent  which  was  present  in  the  ratic 
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lese  corn-fed  hog^s.  They  must  lay  it  onto  the 
ofif  througrh  the  lungs  as  carbon-dioxide.  Thei 
lement  seem  to  have  disposed  of  it  larg^ely  b] 
fact,  nearly  all  of  these  hogfs,  ten  out  of  the  tw 
if-lard  more  rapidly  than  in  live-weight  or 
•served.  In  the  two  middlings  lots,  and  in  thes 
.in  in  lungs  was  greater  than  in  leaf-lard.  In 
ts  is  the  gain  in  any  other  part  observed  as  i 
in  in  live-weight  as  in  leaf-lard  and  lungs. 

TABLB  XI:    INCRBASB  IN  WBIQHT  OP  VARIOUS  PART 
RELATION  TO  GAIN  IN  LIVB  WBIQH' 


Dta 


RatioDS 


Coni 

Com;  wheat  middlinis-s. . . . 

Com;  linseed  oil  meal 

Com;  807  beans 

Com ;  tankaire. 

Com;  germ  oil  meal 

Com; 

Com;  wheat  middlings .... 

Com;  linseed  oil  meal 

Com;  aoj  beans 

Com;  tankacre 

Com;  gena  oil  meal 


Leaf, 
lard 


2.15 
L13 
1.77 
2.06 
2.06 
1.82 


3.48 
1.16 
1.78 
1.93 
1.75 
1.38 


Kid. 
neys 


.47 
1.04 
.76 
.78 
.69 
.61 


.65 
1.04 

.65 
1.10 


liVaxgn 


1.27 
2.06 
1.29 
1.10 
.87 
1.91 


1.54 
.87 

1.47 
.78 

1.00 


Heart 


.425 
.628 
.571 
.474 
.495 
.422 


.287 
.600 
.615 
.651 
.575 
.394 


In  each  one  of  the  twelve  lots  it  is  true  thai 
e  spleen  is  less  than  that  of  any  other  part  obs 
the  body  seems  to  be  fulfilled  without  so  mucl 
occurs  in  these  other  organs. 

The  wheat  middlings  lots  developed  kidneys 
in  muscles  to  a  greater  extent  than  other  parts 

In  t)oth  series  the  corn,  tankage  and  germ  oil  m 
uch  smaller  relative  gains  in  weight  of  spleen  th 
hese  three  rations  are  the  ones  made  up  most  lai 

TABLE  XII:    RELATION  OP  GROWTH  TO  INCRBaSBD  WS 


Oft 

Rations 

Leaf- 
lard 

Lunffs 

Spleen 

Kid. 
neys 

Hes 

2 

1 

1 

5 
1 

Com;  middlings 

1.13 
l.V 
2.05 
2.06 
2.15 

2.08 
1.29 
1.10 
.87 
127 

.617 
529 
.434 
.267 
.342 

1.04 
.76 
.78 
.69 
.47 

.6! 

Cora;  Ihiseed  oil  meal 

Com;  soj  beans 

.5: 
41 

Cora:  tankaire 

.41 

Cora 

.42 
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Arranging"  as  above,  Lots  1  and  5,  from  Table  XI,  pag-e  261  we 
place  them  almost  in  order  of  relative  gain  in  weight  of  tenderloin 
muscles,  liver,  heart,  kidneys,  spleen,  lungs  and  the  amount  of  phos- 
phorus in  the  rations,  and  inversely  as  the  relative  gain  in  leaf-lard. 
In  so  doing  we  display  the  relative  tendencies  of  these  rations  to 
cause  growth  and  fattening.  The  observations  made  on  the  germ 
oil  meal  lot  do  not  conform  so  closely  to  this  order. 

We  beg  to  repeat,  however,  that  these  characteristics  are  not  of 
the  supplementary  foodstuffs,  but  of  the  rations.  It  is  of  importance 
that  this  distinction  be  noted.  The  relative  efficiency  would  certainly 
have  been  very  different  if  these  rations  had  been  made  up  of  the 
same  foodstuffs  in  other  proportions.  It  is  a  fair  comparison,  how- 
ever, in  the  sense  that  these  rations  were  as  nearly  as  we  could  get 
them  of  the  same  proportionate  content  of  digestible  protein  and 
non-nitrogenous  starch-equivalent. 

The  tankage  ration  does  not  cause  growth  to  an  extent  propor- 
tional to  its  phosphorus  content,  because  its  phosphorus  is  so 
largely  in  the  shape  of  bone,  the  inorganic  phosphorus  of  which 
appears  to  be  limited  as  to  usefulness. 

In  the  second  series  the  same  tendencies  are  manifest,  but  the 
agreement  is  less  'orderly.  These  results  are  at  best  hardly  more 
than  suggestive  since  the  method  of  work  was  necessarily  crude 
under  the  conditions  existing. 

TABLE  XIII:    RELATION  OP  PHOSPHORUS  TO  DBVBLOPMSNT  OP  MUSCLB 


Lot 


Rations 


Total 

phosphorus 

ocnsuiDed 

Grams 


Total  g-ain 

in  weii^ht 

of  lot 

Lbs. 


Gain  in 

weii^htof 

moKle  of 

lot 

Porocnt 


Total 

ledthin 

oonsnmed 

Grains 


Fat  in 
mnscto 


Pttoent 


Com;  wheat  middlings 

Corn;  tankage 

Com;  linseed  oil  meal. . , 

Com;8oj  beans 

Com;  germ  oil  meal . . . . 
Com 

Com;  wheat  middlings 

Com;  tankage 

Com ;  germ  oil  meal ... . 
Com;  linseed  oil  meal. . . 

Com;  soj  beans 

Cora 


5148.3 
38G2.4 
27G2.9 
2624.1 
2512.5 
1377.6 


380 
502 
603 
506 

318.5 
274 


70.2 
46.6 
66.1 
47.3 
403 
24.4 


4123.2 
1560.4 
2096.6 
3506.3 
2762.4 
653.2 


5.04 
5.17 
4.01 
4.79 
4.67 
7.28 


8 
11 
12 

9 
10 

7 


4587.3 
28708 
24753 
2048.5 
2015.8 
1392.6 


345 
322 
381 
368 
287.5 


48.3 
38.2 
46.4 
47.9 
32.6 
4.7 


36696 
U61.2 
2721.6 
1551.3 
2689.8 
657.7 


4.54 

3.82 
431 
6.ff7 
8.21 
8.29 
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This  table  shows  both  series  arran^^ed  a( 
us  content  of  the  total  feed  administered.  1 
lection  between  the  phosphorus  content  of  tl 
in  live-weight;  nor  between  the  phosphorus 
of  fat  in  the  muscle;  neither  does  the  leci 
n  seem  to  be  closely  in  accord  with  these  ot! 
>hosphorus  content  in  each  series  does  co 
litely  with  the  gain  in  the  weight  of  the 
cially  when*  we  consider  the  fact  that  as  p 
age  carries  its  phosphorus  mostly  as  bone, 
the  significant  connection  between  the  gaii 
>osition  of  the  ration,  should  be  between  the 
:  constituent  or  characteristic  of  the  ration,^ 
e  phosphorus.  The  probability,  of  cours 
itial  connection;  that  the  phosphorus  is  usei 
at  least  those  rations  containing  less  pi 
[lings  rations  do  not  contain  as  much  of 
ssary  to  maximum  muscular  growth. 

TABLE  XIV:  ANALYSIS  OP  TENDERLOIN  M 


Rations 


Com 

Com:  wheat  middlings 
Cora;  liofleed  oil  meaL. 

Com;  SQF  beans 

Com;  tankave 

Cora;  germ  oil  meal. . . 


Water 

Protein 

Fat 

Ash 

Percent 

Percent 

71.M 

19.187 

7.28 

1.1076 

72.94 

20.675 

5.04 

1.1506 

74.08 

20.506 

4.01 

i;i790 

72.91 

20.944 

4.79 

1.1228 

73.68 

19.783 

5.17 

1.1280 

73.53 

20.549 

4.67 

1.0760 

Com 

Com;  wheat  middUnffs 
Com;  Unseed  oil  meal. . 

Con;  soy  beans 

Corn;  tankage 

Cora;  germ  oil  meal.*  •• 
Check  tot 


71.62 

19.033 

8.29 

1.0630 

73.68 

20.581 

4.54 

1  1040 

72.56 

20.456 

5.57 

1.1750 

74.14 

21.224 

3.21 

1.1320 

.73.93 

20.603 

3.92 

1.1070 

74.17 

20196 

4.31 

1.0640 

73.53 

19.026 

4.61 

1.1041 

'n  both  series  the  muscles  of  the  germ  oil  : 
a.nd  the  muscles  of  the  linseed  oil  meal  lots  1 
ind  in  any  other  lots.     These  observations 
jntage  of  ash  is  computed,  either  on  the  bas 
B,  or  on  the  fat-  and  water-free  meat. 
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s  also  worthy  of  note  that  in  both  series  the    corn  lot  raj 
>f  the  middling^s,  soy  bean,  and  g^erm  oil  meal  lots  as  reg<L 
centage  of  ash  in  the  fat-  and  water-free  meat,  thougfh  on 
f  the  meat  as  a  whole,  the  ash  is  low  in  the  corn  lots,  beca 
lig-h  percent  of  fat. 

le  percent  of  fat  in  the  water-free   meat  shows  the  corn 
had  much  the  fattest  muscles;  that    is,    more    fat    was 
within  the  muscles  than  in  other  lots.    This  is  of  importaj 
:ating  the  quality  of  the  flesh  from  a  culinary  standpoint, 
;e  interming^ling*  of  fat  and  lean  being:  considered  essential 
hest  quality. 

it  lower  percentages  of  fat  and  the  higfher  percentages 
vere  usually  found  associated.  This  would  be  expected 
etical  grounds.  When  we  compute  the  percentage  of  wa 
•at-free  meat,  however,  factors  other  than  arithmetical  01 
)  be  operative.  The  percentage  of  water  in  the  fat-free  m 
:orn  lots  was  high  in  both  series. 

le  tendencies  of  corn  to  deposit  fat  within  the  muscles,  i 
rid  the  development  of  the  nitrogenous  tissues,  as  is  pro 
small  muscles  of  the  corn-fed  hogs,  are  probably  due  to 
it  corn  furnishes  to  the  muscles  more  carbohydrate  food  tl 
ive  occasion  to  oxidize  in  the  production  of  energy,  it  bei 
>re,  of  necessity,  deposited  as  fat;  and  further,  to  the  fact  t 
probably  lacking  in  the  amount  both  of  protein  and  pi 
requisite  to  maximum  muscular  growth  of  a  nori 
jition. 

iring  this  experiment  these  hogs,  except  in  the  corn  L 
eceiving  much  narrower  and  more  nearly  normal  rations  t 
5  on  which  they  had  been  raised.  They  were  really  corn- 
the  experiment  began.  It  is  interesting  to  note  in  o 
the  check  lot  with  some  others  that  were  fed  for  sixty  di 
e  change  in  feed,  together  with  the  increase  in  age,  redu 
xentage  of  water  in  the  fat-free  meat  even  where  it  also 
the  precentage  of  fat  in  the  meat. 

le  linseed  oil  meal  ration,  in  the  full-fed  series,  produ 
IS  that  contained  more  water  and  ash,  and  less  fat,  than  ^ 
in  any  other  lot.  The  fact  of  this  low  fat-  and  high  wa 
t  is  difficult  to  explain.  It  seems  not  to  have  been  due 
I  this  sample,  because  the  water  in  the  fat-free  meat  of 
►ections  in  the  same  series  was  also  high;  but  in  the  limi 
series  the  oil  meal  lots,  both  with  the  muscles  and  the  en 
IS,  were  characterized  by  a  high  fat  content,  and  low  ] 
e  of  moisture  in  the  fat-free  meat.  The  high  proportion 
protein,  however,  holds  in  both  samples  of  meat  and  t 
and  so  may  be  considered  as  characteristic  of  this  ration. 
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TABLB  XV:    ANALYSIS  OP   1 
SBCTIONS  OP  1 


Rations 

Water 

Protein 
Percent 

ra  

rn;  wheat  middlingB 
ni:Uiiaeed  oil  meal  . 
rn;  soy  beans 

32.13 
36.44 
28.48 
28.19 
29.55 
33.81 

7944 
8.940 
7.490 
7.754 
7.635 
9.060 

m 

28.51 
32.96 
29.77 
36.90 
33.40 
34.76 
43.55 

7.010 
8.623 
7.917 
9.644 
8.862 
9.307 
11.929 

rn;  wheat  middlnurB 

ru*  lUfcBOOCE  Oil  DBOAlv* 

m;  soy  beans 

rntgerm  oil  meal., 
eck  lot 

the  sampling:  of  the  meat  c 
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arcasses,  with  quite  the  defi 
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:eedingly  fat  meat,  even  tho 
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ries  between  75.82  percent 
)t  and  nearly  90  percent  in  s 
e  percentag^e  of  water  in  t\n 
tnd  7,  was  as  in  the  tenderic 
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ater  in  the  fat-free  meat. 
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CONCLUSIONS  PROM  EXPERIMENT  I. 

In  a  comparison  of  corn  alone,  with  corn  supplemented  b 
wheat  middlings,  linseed  oil  meal,  soy  beans,  tankage  and  germ  oi 
meal  for  full-feeding  growing  and  fattening  hogs, — all  rations  ei 
cept  the  corn  having  the  same  nutritive  ratio,  namely  1:6.5, — as  con 
varied  in  cost  between  40  and  60  cents  per  bushel,  wheat  middling 
varied  in  value  between  $20  and  $27  per  ton,  linseed  oil  meal  betweei 
$38  and  $57  per  ton;  soy  beans  between  $41  and  $61  per  ton;  tankag 
between  $68  and  $102  per  ton,  and  germ  oil  meal  between  $20  an< 
$30  per  ton.     (Table  VII,  p.  252  J 

To  yield  a  profit  these  supplements  would  have  to  be  bough 
at  prices  lower  than  these  valuations.  The  relative  profits  in  th< 
use  of  these  supplements  depends  not  only  on  the  above  "replace 
ment  values",  but  we  must  also  consider  the  relative  proportion  o 
each  in  the  balanced  ration. 

The  six  rations  ranked  as  to  palatability  in  the  order  in  whicl 
th^  supplements  are  named: 


Ist. 

Linseed  oil  meal. 

4th. 

Wheat  middlings. 

2nd. 

Digester  tankage. 

Sth. 

Germ  oil  meal. 

3rd. 

Soy  beans. 

6th. 

Corn  alone. 

Where  hogs  were  full-fed  on  these  rations,  the  middlings  ratioi 
was  23  percent  more  efficient  than  corn  alone,  the  linseed  oil  mea 
ration  32  percent,  the  soy  bean  ration  38.5  percent,  the  tankag* 
ration  32.6  percent,  and  the  germ  oil  meal  ration  17.6  percent  mor< 
efficient  to  cause  gain  in  weight.     (Table  VI,  page  250.) 

Where  these  six  rations  were  fed  in  practically  equal  but  some 
what  restricted  amounts,  the  middlings  ration  was  28.9  percea 
more  efficient  than  corn  alone,  the  linseed  oil  meal  ration  29.8  per 
cent,  the  soy  bean  ration  22.6  percent,  the  tankage  ration  18.1  per 
cent,  and  the  germ  oil  meal  ration  16.4  percent  more  efficient  thai 
corn  by  itself. 

The  soy  bean,  tankage,  and  linseed  oil  meal  rations  produced 
equal  gain  in  weight  from  the  same  expenditure  of  digestible  nu 
triment;  the  wheat  middlings,  germ  oil  meal,  and  straight  corl 
rations  were  much  less  efficient.  ^ 

Linseed  oil  meal,  tankage,  and  soy  beans  were  both  very  d 
ficient  and  very  palatable  as  supplements  to  corn;  middlings  wi 
efficient  in  the  production  of  increased  weight,  but  was  much  les 
palatable,  while  germ  oil  meal  was  neither  efficient  nor  palatabll 
as  compared  with  the  other  supplements. 
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The  character  of  the  increase  produced  by  these  rations 
te  different.     The    tendency   of  five  of  these   rations  to  c; 
►wth  of  muscle  and  of  internal  org^ans  was  in  the  following  or 
eat  middlings,  linseed  oil  meal,  soy  beans,  tankage  and  corn  al 
is  was  practically  in  accord  with  the  phosphorus  content  of 
ions;  the  tankage  ration,    however,    failed    to    make    growtl 
ord  with  its  phosphorus  content,  probably    because  of  the 
t  its  phosphorus  was  present  mostly  as  bone.     (Tables  XI, 
I  Xm,  pages  261  and  262.) 

The  tendency  of  these  rations  to  fatten,  as  evidenced  by 
rease  in  the  leaf-lard,  was  in  the  reverse  order  from  that  ; 
ing  tendency  to  cause  growth. 

The  probability  is  that  corn  does  not  contain  as  much  p 
)rus  as  is  necessary  to  the  maximum  muscular  growth  of  w 

animal  is  capable. 

Corn  alone  caused  a  deposition  of  much  more  fat  within 
scles,  that  is,  between  the  fibers,  than  any  other  ration.  (T 
V,  page  263.) 

The  tenderloin  muscles  of  the    corn-fed    hogs    contained 
ter  than  muscles  from  any  other  lot,  but  the  percentage  of  yi 
the  fat-free  muscles  of  these   corn-fed   hogs  was  higher  tha 
Y  other  lot  in  the  limited  ration  series,  and  exceeded  only  by 
ikage  lot  in  the  full-fed  series.     The  tankage  ration  was  92 
it  corn. 

In  the  meat  of  the  cross-sections  of  the  carcasses,  the  fat- 
at  of  the  corn-fed  hogs,  in  both  series,  contained  decidedly  i 
ter  than  did  any  other  lot,  though  the  percentage  of  water  in 
iat  as  a  whole  was  very  low.     (Table  XV,  page  265.) 

The  tenderloin  muscles  of  the  corn-fed  hogs,  in  both  se 
re  lower  in  protein  than  the  muscles  of  any  other  lot.  In 
)ss-sections  the  protein  was  also  low. 

The  ash  in  the  tenderloin  muscles  and  cross-sections  of 
rn-fed  hogs,  in  both  series,  was  higher  in  the  fat-  and  water 
iat  than  it  was  in  the  meat  from  the  middlings,  soy  beans, 
rm  oil  meal  lots;  and  in  two  cases  out  of  the  four,  was  hi 
m  in  the  tankage  lots. 

When  compared  with  these  more  highly  nitrogenous  rat 
rn  by  itself  seems  to  produce  smaller  muscles  which  are  \ 
rly  rich  in  fat;  the  moisture  content  of  the  meat  as  a  whole  is 
it  the  moisture  in  the  fat-free  meat  is  very  high;  the  protein  i 
low  in  amount,  but  the  proportion  of  ash  to  protein  is  rather  ] 
The  most  striking  peculiarity  of  the  linseed  oil  meal  ratic 
e  high  proportion  of  ash  to  protein  in  the  meat  produced  by 
ed. 
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The  gferm  oil  meal  ration  occupied  the  opposite  extreme  from 
the  linseed  oil  meal  as  reg^ards  the  ash  content  of  the  tenderloin 
muscles,  the  percentag^e  beings  lower  than  with  any  other  lots. 

In  a  number  of  lots  there  was  less  fat  in  the  tenderloin  muscles 
ofthehogrs  which  were  fed  for  sixty  days  than  there  was  in  the 
muscles  of  the  check  lot,  which  was  killed  when  the  experiment 
beg^an,  and  also  in  several  lots  there  was  an  apparent  loss  of  ash 
from  the  fat-  and  water-free  meat  during*  fattening.  These  facts  are 
due  to  the  hogs'  being  essentially  corn-fed  at  the  time  the  experi- 
ment began. 

The  increase  in  live-weight  of  the  corn-fed  hogs  was  more 
largely  internal  fat,  and  less  largely  muscles,  than  in  any  of  the  hogs 
which  received  higher-proteid  ration.  The  hogs  which  received 
wheat  middlings  occupied  the  opposite  extreme  in  this  matter; 
their  increased  weight  was  more  largely  muscle,  and  less  largely 
mtemal  fat,  than  in  any  other  lot.  This  comparison  has  an  im- 
portant bearing  on  the  feeding  of  breeding  animals,  on  whose  repro- 
ductive efficiency  excessive  development  of  internal  fat  has  an 
injurious  effect,  probably  through  restriction  of  circulation  in  the 
sexual  organs,  by  the  mechanical  pressure  of  surrounding  fat. 
(Table  XI,  page  261). 

EXPERIMENTS  II  AND  III 

The  general  method  of  work  was  the  same  as  in  Experiment  I. 
As  in  this  series,  five  hogs  were  fed  in  each  lot,  one  lot  v^s  killed  at 
the  beginning  of  each  experiment,  to  serve  as  a  basis  for  judgement 
as  to  changes  produced  by  the  experimental  feeding,  and  a  second 
lot  was  fed  on  com  alone,  as  a  further  basis  for  comparison. 

The  rations  fed  in  these  experiments  were  as  follows: 

SXPBRIMBNT  II 

Lot  1  Com. 

**  2  Hominy,  blood-flour,  bran-extract,  (larger  amount). 

**  3  Hominy,  blood-flour,  lecithin. 

**  4  Hominy,  blood-flour,  bran-eztract,  (smaller  amount). 

'*  5  Hominy,  blood-flour,  bone-meal. 

"  6  Hominy,  blood-flour,  sodium  phosphate. 

**  7  Check  lot,  killed  at  beginning  of  experiment. 

BXPBRIMBNT  III 

Lot  1  Com. 

*'  2  Check  lot,  killed  at  beginning  of  experiment. 

•*  3  Hominy,  blood-flour,  bran-extract. 

**  4  Hominy,  blood-flour,  bone-meal. 

**  5  Hominy,  blood-flour. 
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TABLB  XVII:    DIOBSTION  COBPPICIBNT8  OP  THB  POOD8TUPPS 
USBD  IN  BXPBRIMBNTS  II  AND  III 


V 

Protein 
Percent 

Nitrogen- 
free 
extract 

Percent 

Crude 
fiber 

Percent 

est 
Pet 

Corn 

86 
86 
62 
78.2 

96 
96 

86.2 

40 
40 

Homioy  » -  -  -  r ,  -  -  

Blood  floar 

K 

'  Branextract 

TABLE  XVIII:    DIGESTIBLE  NUTRIENTS  PER  HUNDREDWEIGHT  OP 
POODSTUPPS  USED  IN  EXPERIMENTS  II  AND  III 


Protein 
Pounds 

Carbohy. 
drates 

Pounds 

E 

ext 

Po 

Com 

7.466 

6.646 

61.160 

1.067 

66.032 
71.382 

4.267 

^ 

Hominy 

Blood  flour 

] 

Bran  extract 

The  digestion  coefficients  are,  as  in  Experiment  I,  lar 
assumed,  but  the  same  basal  ration  was  fed  in  each  case,  and  b 
if  there  is  error  in  these  coefficients  it  is  the  same  in  each  lot, 
does  not  affect  comparisons. 

The  hominy  is  assumed  to  have  the  same  digfestion  coeffici 
as  the  whole  corn. 

The  blood-flour  has  been  assigned  the  same  coefficiem 
reported  by  Dietrich  and  Konig,  (Composition  and  Digestibilit 
Cattle  Foods,  Vol.  II). 

The  bran-extract  is  assigned  the  same  coefficients  as  w 
middlings,  as  determined  by  Snyder  of  Minnesota. 

In  Experiments  II  and  III  we  have  considered  the  bal 
between  the  inorganic  acids  and  bases  in  the  rations  fed.  ' 
appears  to  be  a  matter  of  much  importance,  at  least  as  fundain< 
a  one  as  the  balance  between  proteids  and  non-proteid  organic  n 
ents,  the  so-called  nutritive  ratio.     (Table  XIX,  pages  271  and  2 

The  significance  of  this  factor  of  mineral  base  and  acid  bal 
is  discussed  by  the  author  in  Ohio  Bui.  207.  Very  briefly  the  i 
are  as  follows:  There  are  constantly  being  formed  in  the  an 
body,  from  the  foods  and  from  the  tissues,  inorganic  acids  w 
must  be  neutralized   in  order  that  the  neutrality  of  the  liquids 
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tissues  may  be  maintained  and  the  continuance  of  life  thus  ren- 
dered possible.  The  basic  minerals  in  foods  contribute  to  one  side  of 
this  account,  and  the  acid  minerals  to  the  other.  An  amount  of  acid 
mineral  elements  in  the  food  in  excess  of  the  animal's  capacity  to 
neutralize  them  in  normal  ways  may  cause  a  withdrawal  of  basic 
minerals  from  the  body,  and,  in  consequence,  most  serious  disturb- 
ances of  nutrition. 

The  basic  mineral  elements  considered  in  this  connection  are 
calcium,  magnesium,  potassium,  and  sodium;  the  acid  minerals, 
sulphur,  phosphorus,  and  chlorine. 

In  determining:  this  balance  between  basic  and  acid  minerals,  we 
compute  each  to  cubic  centimeters  of  normal  solution;  that  is,  so 
that  one  cubic  centimeter  of  any  base  will  exactly  neutralize  one 
cubic  centimeter  of  solution  of  any  of  the  acid  elements.  Phos- 
phoric acid  is  considered  to  be  neutralized  when  two  of  its 
hydrogfen  atoms  are  replaced. 

A  peculiar  relationship  between  the  actions  of  calcium  and  magf- 
nesium  in  the  body  requires  that  a  definite  proportion  between  the 
quantities  present  in  its  liquids  be  maintained.  They  appear  to  be 
antagonistic,  and  an  excess  of  magnesium  occasions  the  liberation  of 
calcium  in  quantity  sufficient  to  counteract  the  effects  of  this  excess 
of  magnesium.  The  excess  of  both  is  then  excreted.  Thus  an 
excess  of  magnesium,  in  proportion  to  calcium,  may  cause, 
just  as  may  acid  mineral  elements,  a  withdrawal  of  calcium  from  the 
body,  and  pathological  consequences  such  as  usually  result  only 
from  an  excess  of  acids. 

In  Experiments  II  and  III  the  rations  are  all  characterized  by  an 
excess  of  mineral  acid  over  mineral  base. 

The  only  differences  of  moment  in  this  regard  among  the  rations 
are  in  the  somewhat  lower  excess  of  acid  in  the  bone  meal  lot  than  in 
others,  and  the  considerably  greater  excess  of  acid  in  corn  than  in 
the  mixed  rations.  The  corn  ration  besides  having  the  most  acid 
ash,  has  the  least  calcium,  sodium,  chlorine  and  sulphur,  and  the 
most  magnesium,  potassium  and  phosphorus,  and  the  smallest  pro- 
portion of  proteid  to  non-proteid  organic  nutrients. 

Experiment  II.  The  hogs  used  in  this  experiment  weighed 
about  125  pounds  each;  were  mostly  grade  Poland  Chinas  of  common 
quality;  were  six  months  old,  in  stock  condition,  and  had  been 
raised  on  corn  and  grass.  The  preliminary  feeding  occupied  two 
weeks'  time.  The  experiment  was  conducted  during  April  and 
May  of  1906. 

In  this  test  we  sought  to*  learn  how  a  lack  of  phosphorus  affects 
(1)  the  development  of  swine,  and  (2)  the  composition  of  their  tissues; 
and  (3)  to  compare  bone  meal,  water  extract  of  wheat  bran,   sodium 
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phosphate  and  lecithin  as  sources  of  phosphorus  for  gfrowing  pig's. 
In  this  experiment  we  consider  the  nutritive  values  of  two  organic 
phosphorus  compounds,  phytin,  the  principal  phosphorus  compound 
in  the  bran-extract,  and  lecithin;  and  two  inorganic  compounds, 
sodium  phosphate,  and  calcium  phosphate,  as  found  in  bone  meal. 

The  distinction  between  organic  and  inorganic  phosphorus 
compounds  is  largely  arbitrary,  and  not  always  satisfactory,  since 
inorganic  salts  of  phosphoric  acid,  may  enter  into  combination  with 
organic  compounds,  and  thus  become  organic  phosphorus,  without 
the  agency  of  any  vital  process.  Hence  this  distinction  is  not  clean- 
cut  and  consistent.  There  is,  however,  a  general  dissimilarity 
between  organic  and  inorganic  phosphorus  compounds,  using  the 
terms  in  the  usual  signification,  and  also  a  marked  distinction  in  the 
nutritive  values  of  these  two  groups.  The  usefulness  of  the  distinc- 
tion appears  to  outweigh  its  inaccuracies. 

As  a  standard  basal  ration  we  adopted  pearl  hominy  and  blood- 
flour,  which  contained  82.5  percent  of  protein  and  only  two-tenths  of 
one  percent  of  phosphorus.  The  hominy  consists  of  the  corn  kernel 
minus  the  bran,  or  skin,  and  the  germ,  and  is  very  much  lower  than 
corn  in  fat,  fiber  and  ash  constituents.  These  feeds  furnished  us  a 
cheap  and  palatable  balanced  ration  which  was  very  low  in  phos- 
phorus, and  constituted  a  satisfactory  basal  ration  for  our  compar- 
isons. In  subsequent  work  we  have  used  blood  albumen  and  wheat 
gluten  as  proteid  supplements.  They  contain  still  less  phosphorus 
than  does  blood  flour. 

In  this  experiment  Lot  1  received  corn  alone;  Lots  2  and  4 
received  different  amounts  of  water-extract  of  wheat  bran  with  their 
basal  ration  of  hominy  and  blood-flour.  This  extract  was  prepared 
by  soaking  bran  in  luke-warm  water,  from  one  feeding  period  until 
the  next,  the  hogs  being  fed  twice  daily.  Two  quarts  of  water  were 
used  in  soaking  each  pound  of  bran.  At  feeding  time  the  mash  was 
put  into  a  sack  of  thick  cloth,  and  a  cider  press  was  found  to  be  a 
quick  and  easy  means  of  expressing  the  liquid.  The  feed,  which  in 
all  lots  was  fed  finely  ground,  was  made  into  a  moderately  thick  slop, 
either  with  the  bran  extract  or  with  water.  The  extract  was 
analyzed,  and  a  correction  was  made  in  the  basal  ration  for  the  two 
lots  receiving  it,  so  that  the  nutritive  ratio  might  be  the  same  in  all 
cases,  except  with  the  corn  lot.  This  bran  extract  was  exceedingly 
rich  in  magnesium,  potassium  and  phosphorus.  The  phosphorus 
was  present  mostly  as  phytin,  a  salt  formed  by  the  union  of  calcium, 
magnesium  and  potassium  with  phytic  ^cid,  a  complex,  organic,  phos- 
phoric acid  which  constitutes  a  large  proportion  of  the  phosphorus 
compounds  of  seeds.   Where  bacterial  fermentation  was  considerable 
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during  the  preparation  of  the  extract,  the  magnesium  and  phos- 
phorus contents  were  more  than  twice  as  great  as  when  sterile 
utensils  and  water  were  used,'  but  in  both  cases  the  relation  of  total 
mineral  bases  to  mineral  acids  was  practically  the  same.  The 
extract  was  in  this  regard  about  neutral. 

Lot  3  consisted  of  but  a  single  hog,  the  cost  of  lecithin  making  it 
impracticable  to  feed  more.  Four  grams  per  day  were  fed  to  this 
hog,  the  lecithin  being  provided  by  Dr.  W.  Koch,  of  the  Department 
of  Physiology.  The  material  was  emulsified  in  water  and  added  to 
the  hominy  and  blood-flour.  When  it  is  considered  that  this 
lecithin  contained  but  3.883  percent  of  phosphorus  it  is  apparent 
that  the  total  amount  fed  did  not  provide  any  considerable  quantity 
of  this  element.  It  was  used  with  the  hope  of  learning  of  its  func- 
tion in  nutrition.  It  is  a  universal  cell  constituent  of  plants  and 
animals,  but  does  not  constitute  a  large  proportion  of  the  total  phos- 
phorus of  foods.. 

Lot  6  received  with  its  basal  ration  just  enough  di-sodium 
phosphate  to  furnish  to  each  pig  the  same  amount  of  phosphorus  as 
was  received  in  lecithin  by  the  pig  in  Lot  3.  We  refer  to  Lot  6  as  the 
**low-phosphorus"  lot. 

In  Lot  5,  raw  bone-meal  was  fed  mixed  with  the  ration.  The 
bone-meal  contained  nitrogen  equivalent  to  24.59  percent  of  protein, 
but  as  this  wras  doubtless  present  mostly  as  collagen,  a  substance  of 
low  food  value,  and  the  total  amount  of  t)one  fed  was  only  13  pounds^ 
no  account  of  this  protein  was  taken  in  the  compounding  of  the 
rations.  The  phosphorus  of  this  foodstuff  was  present  mostly  as 
tri-calcium  phosphate. 

Salt  was  given  apart  from  the  feed  in  each  lot. 

This  experiment  lasted  56  days. 

It  was  hoped  that  all  of  the  lots  might  be  kept  together  in  the 
amount  of  feed  consumed  but  the  rations  were  peculiar  and  it  was 
soon  apparent  that  each  one  would  have  to  be  fed  with  reference 
alone  to  the  pigs  consuming  it. 

With  Lot  2  we  attempted  to  find  the  amount  of  bran-extract  that 
could  be  fed.  It  seems  to  be  easy  to  overfeed  with  it,  the  pigs  being 
willing  to  take  much  more  of  it  than  is  beneficial  to  them.  These 
pigs  would  cease  eating  before  having  cleaned  up  the  feed  well; 
appeared  uneasy,  coughed,  gritted  the  teeth  and  allowed  much  saliva 
to  drip  from  the  mouth.  Their  joints  became  sore  and  swollen,  and 
they  moved  around  with  reluctance  and  diflftculty.  These  symptoms 
and  other  evidences  of  discomfort  largely  disappeared  after  the 
amount  of  bran-extract  was  cut  down. 
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Lot  4,  receiving:  less  bran-extract,  ate  heartily  and  consis 
at  all  times,  and  we  must  base  our  conclusions  as  to  the  eflfe 
bran-extract  as  a  food  on  the  record  of  this  lot.  The  amount  of 
extract  fed  to  this  lot  was  regfarded  as  very  satisfactory, 
averagfe  amount  fed  was  one  pound  to  2.89  pounds  of  dry 
Probably  a  much  greater  amount  could  have  been  fed  had  we 
chalk  with  the  bran-extract  to  protect  the  pigs  from  the  eflfe 
the  excessive  amount  of  magnesium  present. 

The  bone-meal  lot  was  hard  to  feed.  These  hogs  freqi 
went  off  feed,  apparently  because  of  the  bone-meal,  and  oi 
account  the  total  amount  of  feed  eaten  was  smaller  than  in  any 
lot.  We  succeeded  much  better  in  feeding  this  bone-meal 
grinding  it  to  a  fine  flour  in  a  pebble  mill.  This,  however,  had 
learned  by  experience. 

The  lecithin  pig,  Lot  3,  was  always  ravenous  for  his  feed  ai 
ration  was  clearly  more  palatable  than  any  other  used  ii 
experiment. 

The  other  low-phosphorus  lot.  No.  6,  also  ate  well.  Thes 
lots,  Nos.  3  and  6,  and  No.  4,  which  received  the  smaller  amoi 
bran-extract,  were  never  fed  up  to  their  full  capacity. 

Lot  1,  which  received  corn  alone,  ate  consistently  throuj 
the  experiment;   doing  very  well  indeed  for  pigs  so  fed.    ' 
record  was  unusually  creditable  to  corn  alone  as  a  hog  feed, 
is,  of  course,  largely  due  to  the  shortness  of  the  experiment, 
were  fed  as  much  as  they  would  eat  but  did  not  consume  as 
feed  as   the  other  lots   which  were  not  fed   to  the  limit  of 
appetites. 

These  rations  affected  the  digestive  system  very  diflFen 
The  corn  ration  was  much  the  most  laxative  in  its  action, 
ration  of  hominy  and  blood-flour  was  very  constipating,  most 
Lots  3  and  6,  receiving  lecithin  and  sodium  phosphate,  respect 
and  least  so  in  Lots  2  and  4,  receiving  bran-extract.  The  bone 
lot  was  usually  constipated,  but  sometimes  scoured.  This  lot 
rough  coats,  and  did  not  shed  off  well.  They  did  not  like  bone-me 
mixed  with  the  feed.  The  constipating  character  of  the  basal  i 
is  doubtless  due  to  its  low  contents  of  fibrous  material  and  mi 
matter. 

Experiment  III,  conducted  during  October,  November 
December,  1906,  was  a  repetition  of  Experiment  II,  except  tha 
lecithin  lot,  and  the  lot  receiving  the  larger  amount  of  bran-es 
were  omitted,  and  no  sodium  phosphate  was  fed  to  the  low- 
phorus  lot. 

The  facts  that  the  bone-meal  lot  in  Experiment  II  was  d 
entirely  normal  state  of  nutrition,  and  did  not  make  as  large  i 
in  weight  as  those  lots  with  which  we  wished  to  compare  it,  rem 
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close  comparisons  of  results  a  little  doubtful.  Hence  it  seemed 
desirable  to  repeat  this  work.  In  Experiment  III,  as  will  be  seen  by 
Table  XIX,  pag^e  272,  the  bone-flour  lot,No.  4,  ate  more  fee(^  than  the 
bw-phosphorus  lot,  No.  5,  and  practically  as  much  as  the  bran-extract 
lot.  This  gfives  us  a  better  basis  for  judgfment  as  to  the  capacities 
of  the  bone-meal  ration. 

The  pigfs  on  which  Experiment  III  was  conducted  were  much 
superior  to  those  used  in  the  previous  experiments.  They  were 
four-months-old,  pure-bred  Duroc  Jerseys;  they  were  all  sired  by 
the  same  boar;  their  dams  were  all  by  the  same  boar,  and  their 
grand-dams  were  closely  related;  further  than  this,  they  had  been 
raised  from  birth  togfether.  These  were  growing*  pigs  rather  than 
growing  and  fattening  hogs,  as  in  the  previous  experiments. 

The  method  followed  was  the  same  as  in  the  previous  experi- 
ment, except  that  the  bran-extract  was  fed  in  the  proportion  of  150 
cubic  centimeters  of  the  extract  to  each  pound  of  dry  feed  given. 
This  is  the  equivalent  of  a  quart  of  the  extract  to  6.31  pounds  of 
feed.  This  lot  of  pigs  was  in  the  best  of  health  throughout  the 
experiment. 

The  t)one-meal  was  reduced  to  a  fine  flour,  and  fed  in  this  con- 
dition from  the  beginning.  We  did  not  experience  diflSculty  in  the 
feeding  of  the  bone  in  this  shape. 

The  com  ration  was  not  so  well  relished  by  these  pigs  as  by 
the  older  ones  in  Experiment  II,  (Table  XIX,  page  271),  and  though 
these  pigs  were  three  months  younger  and  of  decidedly  better 
quality,  the  gains  were  much  more  expensive.  The  younger  the 
pig  the  less  nearly  a  perfect  feed  is  corn  by  itself. 

With  these  young  pigs  there  is  also  a  much  greater  difference 
between  the  bran-extract  and  the  low-phosphorus  lots  in  favor  of  the 
former;  that  is,  the  lack  of  the  ash  constituents  in  the  hominy  and 
blood-flour  ration  was  much  more  keenly  felt  by  the  young  pigs  in 
this  experiment  than  by  the  older  and  larger  ones  of  Experiment  II, 
the  younger  ones  having  a  less  extensive  reserve  supply  of  the  ash 
constituents  on  which  to  draw  to  make  good  the  deficiencies  of  the 
ration. 

As  in  the  previous  experiment  the  bran-extract  proved  to  be 
slightly  laxative,  and  the  hominy  and  blood-flour  without  the  addi- 
tion of  this  supplement,  very  constipating. 

The  bran-extract  lot  ate  their  food  with  the  keenest  relish, 
though  not  particularly  more  so  than  the  bone-flour  lot.  The  low- 
phosphorus  lot  did  not  eat  very  heartily,  and  their  rough,  dead-look- 
ing coats  gave  them  an  unthrifty  look.  The  corn  lot  had  the  poorest 
appetites  of  all,  and  looked  the  most  poorly  nourished. 
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The  largfest  pig  in  the  corn  lot  was  taken  out  of  the  experimei 
\g  rendered  unfit  by  an  accidental  injury.  This  leaves  avera 
gfhts  light  in  this  lot. 

TABLB  XX:    PSBDS  AND  GAINS  IN  WEIGHT. 
SXPBRIMBNT  II. 


ts 

Rations 

Digestible 

nutriment 

per  100  lbs. 

gain 

Lbs. 

Ave.  initial 
weight 

Lbs. 

Ave.  final 
weight 

Lbs. 

Numta 
k>t 

Corn 

364.9 

126 

182.2 

Hominy;    . 
blood-flour; 
bran-extract, 
(larger  amount) 

296.6 

126.8 

200.4 

Hominy; 

blood-flour; 

lecithin 

231.6 

127 

220 

Hominy: 
blood-flour; 
bran-extract» 
(smaller  amount) 

271.7 

m 

206.2 

Hominy; 

blood-flour: 

bon»-meal 

295.0 

126.6 

190.8 

Hominy; 
blood-flour; 
sodium  phosphate 

272.6 

124.8 

203.8 

Check  lot;  killed 

126.2 

. 

BXPBRIMBNT  III 

Com  meal 

654.2 

67 

94.26 

4 

Check  lot;  killed 

« 

78.6 

5 

Hominy: 

blood-flour 

bran-extract 

330.6 

78.4 

132.6 

5 

Hominy; 

blood-flour 

bone-flour 

3660 

79.6 

128.2 

5 

Hominy; 
blood-flour 

447.6 

78.4 

111.0 

5 

Length  of  Bxperimrjit  II.  66  dasrs;  of  Experiment  III,  60  days. 
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Experiment  II.  Lot  2,  where  the  bran-extract  was  fed  in  the 
excessive  amount,  did  not  make  as  economical  gains  in  weight  as 
Lot  6,  the  low-phosphorus  lot.  Lot  5,  the  bone-meal  lot,  also  failed 
to  make  as  economical  gains  as  the  low- phosphorus  lot.  The  excess 
of  magnesium  in  ration  No.  2,  and  the  depressing  effect  of  the  bone- 
meal  on  the  digestibility  of  protein  in  ration  No.  5  are  at  least  in 
part  responsible  for  the  poor  showing  made  by  these  rations;  for 
Lot  4,  with  the  lower  amount  of  bran-extract,  used  it  to  advantage, 
and  made  as  eflScient  gains  in  weight  as  did  Lot  6,  the  low-phos- 
phorus lot;  that  it  did  not  make  more  economical  gains  in  weight, 
appears  to  be  due  to  the  shortness  of  the  experiment.  As  is  well 
known,  an  animal  may  for  considerable  periods  of  time  give  off  more 
phosphorus  in  the  urine  and  feces  than  is  present  in  the  food.  The 
effects  of  phosphorus  starvation  are  not  immediately  manifest. 
There  are  reserves  of  phosphorus  in  the  body  which  may  be  used 
to  supplement  a  ration  which  is  lacking  in  this  element.  This  talkie 
however,  gives  no  hint  as  to  the  character  of  the  increase.  It  is 
here  that  we  must  hope  to  find  more  significant  results. 

It  is  apparent,  nevertheless,  that  these  various  balanced 
rations,  however  artificial  their  character,  were  all  decidedly  more 
eflScient  than  corn  alone.  The  low-phosphorus  lot  withstood  a 
temporary  lack  of  ash  constituents  to  much  better  advantage  than 
the  corn  lot  withstood  the  lack  of  protein. 

Regarding  Lot  3,  the  lecithin  pig,  we  publish  these  results 
because  we  do  not  wish  to  suppress  any  of  the  evidence,  whatever 
its  trend,  but  the  results  from  a  single  individual  are  not  fairly 
comparable  with  an  average  of  results  from  five.  This  evidence 
is  not  entirely  without  weight,  however,  and  so  far  as  it  goes  is 
favorable  to  the  belief  that  lecithin  is  a  valuable  nutrient. 

Experiment  III.  The  amounts  of  digestible  nutriment  eaten 
per  hundred  pounds  of  gain  in  weight  were  consistent  with  the 
character  of  the  rations.  The  bran-extract  lot  received  most  nearly 
a  normal  ration.  This  lot  made  the  most  efi6cient  gains.  The 
bone-flour  lot  ranked  next,  it  being  apparent  that,  in  the  amounts 
fed,  this  supplement  was  less  eflficient  than  bran-extract  to  furnish 
what  was  lacking  in  the  hominy  and  blood-flour  ration. 

The  hominy  and  blood-flour  ration,  containing  an  abundance 
of  easily  digestible  protein  and  starch,  and  being  in  a  palatable 
form,  was  still  decidedly  lacking  in  some  constituents  necessary  to 
the  nourishment  of  growing  pigs. 
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The  ration  of  corn  alone  contained  less  protein,  but  more  c 
he  ash  constituents,  and  was  still  less  efficient  than  the  ration  c 
ominy  and  blood-flour.  In  both  Experiments  II  and  HI  the  cor 
ation  was  the  highest  in  phosphorus  and  lowest  in  calcium  and  i 
rotein. 

Experiment  II,  (Table  XXI  page  281).  The  killing  of  these  hog 
^as  conducted  at  a  local  slaughter  house.  The  cross-section,  instea 
f  being  taken  at  the  sixth  rib,  as  in  Experiment  I,  consisted  of 
hree-rib  cut  taken  just  behind  the  shoulder.  The  thickness  of  th 
•ack-fat  was  measured  on  the  rear  aspect  of  this  section.  Sample 
f  the  liver  and  kidney  as  well  as  the  tenderloin  were  prepared  fo 
nalysis,  but  the  chemical  study  of  the  cross-section  was  discontic 
ed,  our  judgment  as  to  the  fatness  of  the  animals  being  based  on  th 
elation  of  dressed  to  live-weight,  the  weight  of  the  leaf-lard,  tb 
hickness  of  the  back-fat,  and  the  analyses  of  the  tenderloins. 

At  the  time  of  killing,  the  hogs  in  the  six  lots  fed  would  hav 
raded  as  to  condition  in  the  market,  as  follows: 

Lot  1.  1  choice,  1  good,  3  medium,  (corn  alone). 

**   2.  3  choice,  1  good,  1  medium,  ( larger  amount  of  bran-extract). 

**    3.  1  good,  (lecithin). 

**    4.  4  choice,  1  medium,  (smaller  amount  of  bran-eztract). 

**   5.  1  choice,  1  good,  2  medium,  1  common,  (bone-meal). 

**   6.  2  choice,  2  good,  1  medium,  (low  phosphorus  ration). 

Three  lots  of  these  hogs  increased  the  thickness  of  the  back-fa 
rom  one  inch  to  more  than  two  inches  in  fifty-six  days,  but  noni 
f  them  doubled  the  weight  of  the  tenderloin  muscles.  The  leaf 
trd  and  the  kidneys  also  increased  rapidly  in  weight,  much  men 
3  than  the  lungs,  spleen,  heart  and  liver. 

Experiment  III.  At  the  time  these  shotes  were  killed,  th( 
igs  in  the  four  lots  averaged  in  weight  between  94.25  and  132.i 
ounds;  the  pigs  in  the  check  lot,  killed  when  the  experiment  began 
eighing  78.6  pounds  each. 

Judging  these  pigs  by  the  fat-hog  standard  of  the  market  the] 
ould  have  graded  as  follows:  The  corn  lot,  and  the  hominy  anc 
lood-flour  lot,  "common";  the  bran-extract  lot,  1  "choice" 
"good",  1  "common";  and  the  bone-flour  lot,  "good".  This  lasl 
as  clearly  the  fattest  lot. 

The  bran-extract  lot,  having  gained  the  most  in  weight,  excelled 
1  the  other  lots  in  the  development  of  each  of  the  parts  observed 
tcept  that  the  bone-flour  lot  excelled  it  in  thickness  of  back-fal 
id  in  weight  of  leaf-lard,  the  apparent  fatness  of  these  hogs  whei 
ive  being  borne  out  by  the  examination  of  the  carcasses. 
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TABLB  XXII:    RELATION  OP  PARTS  TO  DRB8SBD  CARC^^S 
EXPERIMENT  II 


LoU 


Rations 


Percent 
irross 
dressed 
to  live 
vdirbt 


Per- 
cent 
of 
heart 


Per- 
cent 
of 
liver 


Per- 
cent 
of 
spleen 


Per- 
cent 
of 
lunffs 


Per- 
cent 
of 
leaf- 
lard 


Pter- 

cent 

of 

Idd- 
nesrs 


cast 

or 

teiMlc 


Com 

Hominy;  blood-flour;  bran- 
extract,  (larver  amount) 

Hominy;   blood-flour;    leci- 
thin   


Check  lot 

Hominy;    blood-flour;    so- 
dium phosphate 


Hominy;  blood-flour;  bone- 
flour  


Hominy;  blood-flour;  bran- 
extract,  (smaller  amount 


75.37 

79.28 

75.31 
77.88 

78.78 

78.86 

73.84 


.878 

.360 

.401 
.868 

.364 

.346 

.437 


1.986 

2.247 

2.209 
1.927 

2.225 

2.115 

2.698 


.146 

.156 

.151 
.122 

.136 

.129 

.158 


1.3U 

1.158 

.863 
1.270 

.949 

1.126 

1.441 


4.28 

2.44 

4.34 
4.14 

3,75 

3.87 

4.02 


.275 

.414 

.302 
.342 


.421 

.467 

.488 
.40 

.456 

.453 


EXPERIMENT  III 


Com 

Check  tot. 


Hominy:  blood-flour,  bran- 
extract  


Hominy;  blood-flour;  bone- 
flour  

Hominy;  blood-flour  . 


71.0 

.420 

2.64 

.012 

2.32 

5.36 

.350 

66.6 

.647 

3.56 

.017 

1.71 

2.25 

.616 

72.7 

.438 

2.82 

.013 

1.66 

4.37 

.502 

72.3 

.416 

2.74 

.OU 

1.63 

4.96 

.410 

71.3 

.466 

2.60 

.016 

9.31 

4.16 

.480 

.3» 
.575 

.478 

.449 

.485 


Lot  1.  in  Experiment  III.  fed  on  com  alone,  contained  but  four  piffs.  one  of  theoriflrinal  fi^'c,  t1 
larirest,  havinsr  been  removed  early  in  the  experiment  because  of  a  mechanical  injury;  the  other  lo 
contained  five  piffs  each. 

Experiment  II.  The  low-phosphorus  lot,  No.  6,  (see  above  table] 
dressed  a  high  percentage  of  carcass  to  live-weight  and,  as  will  b 
seen  in  Table  XXI,  page  281,  had  the  thickest  back-fat. 

The  com  lot  dressed  a  low  percentage  of  carcass  to  live-weig-ht 
on  account  of  the  small  amount  of  increase  put  onto  the  carcass 
though  as  a  rule  corn  produces  a  carcass  which,  beckuse  of  smaJ 
viscera  and  thick  fat,  dresses  out  a  high  percentage  of  carcass  t 
live-weight.  This  lot  was  low  in  percentage  of  tenderloin  and  higl 
in  percent  of  leaf-lard. 

The  lungs  of  the  corn  lot  were  heavier  in  proportion  to  th< 
carcass,  and  the  kidneys  were  lighter,  than  in  any  other  lot. 

It  will  be  noted  that  the  check  lot  had  a  larger  percentage  ol 
heart,  liver,  spleen,  and  lungs  than  any  of  the  lots  that  were  fed,  bui 
the  kidneys  of  the  lots  which  received  the  balanced  rations  were 
heavier  in  comparison  with  the  weight  of  the  carcass  than  in  the 
check  lot;  this  doubtless  being  due  to  the  protein  in  these  rations, 
for  the  corn  lot  and  this  one  only,  did  not  increase  its  percentage  of 
kidneys  during  the  course  of  the  experiment. 
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Experiment  III.  These  lots  of  hogfs  each  dressed  about  the 
same  percentage  of  carcass  to  live-weight.  The  bran-extract  lot 
exceeded  the  bone-flour  lot,  even  though  not  so  fat.  It  would  seem 
that  the  excess  of  muscle  in  the  bran-extract  lot  more  than  offset 
the  excess  of  fat  in  the  bone-flour  lot.  The  corn  lot,  and  the  hominy 
and  blood-flour  lot,  which  received  the  low-protein  and  the  low- 
phosphorus  rations  respectively  dressed  the  lowest  percentages  of 
carcass  to  live-weight,  since  neither  of  these  rations  was  well 
adapted  to  the  production  of  growth. 

The  carcasses  of  the  corn-fed  hogs  contained  the  largest  per- 
cent of  leaf-lard  and  lungs  and  the  smallest  percent  of  kidneys  and 
tenderloin  muscles. 

Experiment  II,  (Table  XXIII,  page  284).  The  percent  of  gain  in 
the  live-weight  was  at>out  the  same  in  Lots  4  and  6,  the  bran-extract 
and  the  low-phosphorus  lots.  Both  of  these  gained  decidedly  more 
rapidly  than  did  the  corn  lot,  No.  1.  Even  the  difl&culty  which  we 
had  with  the  feeding  of  bone-meal  to  Lot  5  did  not  prevent  this  lot 
from  exceeding  the  corn  lot  in  increased  weight.  The  hearts,  livers, 
kidneys  and  tenderloin  muscles  of  these  corn-fed  pigs  gained  very 
poorly.  This  lot  gained  fairly  well,  however,  in  thickness  of  back-fat 
and  in  weight  of  leaf-lard. 

It  is  worthy  of  note  that  the  l)one-meal  lot.  No.  5,  while  gaining 
51  percent  in  live-weight,  gained  105  percent  in  the  ash  of  the  bones 
and  48.5  percent  in  the  weight  of  the  muscles.  This  lot  and  the 
com  lot  were  the  only  ones  which  did  not  gain  in  muscle  as  fast  as 
in  live-weight.. 

Experiment  III.  The  corn  lot  seems  to  have  gained  the  least 
in  live-weight,  liver,  spleen,  kidneys  and  tenderloin  muscles,  but  the 
loss  of  one  pig  renders  the  figures  with  reference  to  this  lot  of 
slightly  uncertain  value. 

The  bran-extract  lot  excelled  the  t)one-flour  and  the  low-phos- 
phorus lots  in  percentage  of  gain  in  live-weight,  heart,  liver,  spleen, 
lungs,  kidneys  and  tenderloin  mucles. 

The  bone-flour  lot,  however,  excelled  in  the  percentage  of 
increase  in  leaf-lard,  thickness  of  back-fat,  and  in  the  ash  of  the 
bones.  This  lot  ate  practically  as  much  feed  as  the  bran-extract 
lot,  but  probably  because  of  the  unavailability  of  bone  phosphates 
for  muscular  growth,  the  digested  nutriment  was  laid  down  as  fat 
rather  than  as  proteid  increase. 

The  hominy  and  blood-flour,  or  low-phosphorus  lot,  was  at  a 
conspicuous  disadvantage,  as  compared  with  the  bran-extract  and  the 
bone-flour  lots,  in  the  formation  of  bone,  the  ration  providing  very 
little  indeed  that  the  pigs  seem  to  have  been  able  to  use  for  this  pur- 
pose. The  ability  of  this  lot  to  lay  on  fat  and  muscle  was  not  hin- 
dered to  nearly  so  great  an  extent  as  was  its  ability  to  gr<^W3bap^lC 
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Experiment  II.  The  most  significant  data  of  the  experi 
ire  set  forth  in  the  preceding*  table.  The  large  increase  i 
Kveight  of  the  leaf-lard  and  in  the  thickness  of  the  back-fat  ind 
I  large  percentage  of  fat  in  the  increase  of  live-weight,  the  cor 
aaturally  leading  in  these  regards,  and  being  last  in  gain  of  mi 
This  lot  also  gained  very  little  in  weight  of  liver  and  kidney 
relation  to  gain  in  live-weight. 

The  increase  in  the  low-phosphorus  lot,  No.  6,  greatly   ex( 
the  corn  lot  in  percent  of  liver,    kidneys    and    tenderloin    mus 
The  lack  of  protein  and  calcium  in  the  corn  seems    to    have 
more  severely  felt  than  the  lack  of    phosphorus    and    potassiui 
the  low-phosphorus  ration. 

The  increase  in  the  bran-extract  lot.  No.  4,  was  highe 
percent  of  heart,  lungs,  leaf-lard  and  tenderloin  muscles  than  ii 
low-phosphorus  lot.  The  rations  being  otherwise  the  same,  it 
be  concluded  that  the  bran-extract  furnished  valuable  nutr 
which  were  lacking  in  the  low-phosphorus  ration,  these  prol 
being  phosphorus  and  potassium. 

In  the  bone-meal  lot  the  gain  in  weight  was  less  largely  m 
than  in  the  low-phosphorus  lot,  while  at    the    same    time    the 
portion  of  bone-ash  in  the  increased    weight    seems    to    have 
three  times  as  great.     The   addition    of    bone-meal    to    the    r 
appears  not  to  have  added  to  its  tendency  to  produce  muscle. 

The  bran-extract,  however,  did  cause  an  improvement  in 
hominy  and  blood-flour  ration,  as  regards  both  bone  and  m 
formation.  Bran-extract  seems  to  have  a  capacity  that  bone- 
does  not  to  take  part  in  proteid  increase. 

Experiment  III.  The  bone-flour  lot  produced  a  sm 
proportion  of  muscle  in  the  increase  in  weight  than  the  low-] 
phorus  lot,  the  rations  differing  only  with  regard  to  the  pres 
of  the  bone-flour.  Obviously  the  composition  of  the  increase  is 
rendered  more  largely  muscle  because  of  the  addition  of  bone- 
to  the  hominy  and  blood-flour  ration.  The  bran-extract  ra 
however,  produced  a  decidedly  greater  proportion  of  muscle  in 
increase  than  did  any  other  lot.  We  incline  to  ascribe 
difference  in  the  usefulness  of  these  supplements  most  large! 
the  differences  in  the  compounds  of  phosphorus  contained  in  t 

The  corn  ration,  with  its  deficiency  of  protein,  produce 
much  smaller  proportion  of  muscle  in  the  increase  than  did 
ather  ration. 
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The  proportion  ot  bone-ash  in  the  increase  was  greater  with 
the  corn  lot  than  with  the  bone-flour  lot.  The  corn  lot  received 
more  phosphorus  than  any  of  the  other  lots  in  this  experiment. 
The  low-phosphorus  ration  made  peculiarly  little  increase  in  the 
ash  of  the  bone,  and  the  addition  of  bran-extract  to  this  ration  was 
of  decided  benefit  in  the  deposit  of  ash  in  the  bones. 

The  two  lots  which  produced  the  greatest  proportion  of  back- 
fat  in  the  increase  are  the  corn,  and  the  low-phosphorus  lots,  these 
being"  the  most  abnormal  rations,  and  those  in  which  a  lack  either 
of  protein,  or  of  ash  constituents,  was  disadvantag^eous  to  the 
construction  of  bone  and  muscle. 

The  slightly  smaller  proportion  of  muscle  in  the  increase  in 
the  bone-flour  lots,  than  in  the  low-phosphorus  lots,  in  both  these 
experiments,  gives  evidence  of  the  depressing  effect  which  calcium 
phosphate  has  on  the  digestibility  of  protein. 

Experiment  II,  (Table  XXV,  page  288).  The  bones  of  the  bone- 
meal  lot.  No.  5,  were  larger  than  in  other  lots,  as  is  evidenced  by 
their  volume;  the  amount  of  ash  was  also  greater;  the  ash  per  cubic 
centimeter  of  volume  was  greater,  and  the  breaking  strength  greater 
than  in  other  lots.  Clearly  bone-meal  in  the  ration  contributes  to  the 
nourishment  of  the  bones,  even  though  it  appears  not  to  be  useful 
in  muscle  building. 

The  lack  of  protein  in  corn  tends  to  reduce  the  size,  density 
and  strength  of  the  bones,  as  is  seen  by  comparing  Lots  1  and  6,  the 
latter  containing  more  protein,  but  less  ash,  than  the  former. 

Experiment  III.  The  volume  of  the  bones  in  the  different 
lots  differed  but  little.  The  smallness  of  the  bones  of  the  corn  lot 
was  partially  due  to  the  fact  that  the  largest  pig  had  been  removed 
from  this  lot. 

The  bone-flour  ration  did  not  produce  as  large  bones  as  the 
bran-extract  ration,  though  the  ash  per  cubic  centimeter  of  volume 
was  much  greater;  that  is,  the  bone  was  denser.  The  l)one  pro- 
duced by  the  low-phosphorus  ration  was  less  dense  than  any  other. 

The  density  of  the  l)one  of  the  corn,  and  the  bone-flour  lots 
was  about  alike. 

The  breaking  strength  was  least  with  the  low-phosphorus  lot 
while  the  bran-extract,  and  bone-flour  lots  both  ranked  higher  than 
the  com  lot.  It  should  be  borne  in  mind  that  the  bone-flour  lot  in 
this  experiment  received  much  less  phosphorus  than  did  the  corn 
lot,  but  its  greater  amount  of  calcium  appears  to  have  been  of  bene- 
fit in  the  production  of  strong  t>one. 
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The  analyses  of  the  muscles,  livers  and  kidneys  involved  mu 
ork  which  does  not  yield  results  of  immediate  practical  vali 
hese  data,  however,  will  assist  us  in  learning  how  these  tissues  a 
gans  vary  in  composition,  and  in  some  cases  probable  causes  a 
teresting"  associations  of  factors  are  observed.  After  a  sufficie 
cumulation  of  evidence  we  shall  be  able  to  say  just  how  foe 
ry  the  composition  of  animals,  and  to  interpret  and  apply  t 
suits  in  a  practical  way;  but  we  must  establish  the  facts  befo 
tempting  to  draw  conclusions. 

The  tenderloin  muscles  produced  by  Lot    1,  the    corn    lot, 
speriment  II,  (Table  XXVI,  page 289),  were  characterized  as 
kperiments  I  and  III  by  their  high  fat  and  low    protein    contei 
id  by  the  high  water-content  of  the  fat-free  meat. 

In  Experiment  II  there  is  more  phosphorus  in  the  muscles 
e  corn-fed  lot,  in  the  meat  as  a  whole,  and  in  the  protein,  than  in  tJ 
leck  lot.  No.  7,  which  was  not  fed. 

In  Experiment  III,  however,  the  condition  is  reversed;  in  tl 
rn  lot,  No.  1,  there  being  less  phosphorus  in  the  meat  as  a  who] 
id  in  the  protein,  than  in  the  check  lot,  No.  2.  This  is  partial 
le  to  the  greater  age  of  the  pigs  in  Experiment  11.  They  thro^ 
much  better  advantage  on  corn  alone  than  did  the  younger  pij 
Experiment  III.  Further,  the  check  lot  in  Experiment  III  hi 
en  raised  on  f<x)ds  containing  more  phosphorus  than  those  < 
tiich  the  check  lot  in  Experiment  II  had  been  raised. 

The  low-proteid,  high-phosphorus  character  of  the  corn  ratio 
compared  with  these  others,  shows  itself  in  the  composition  of  tl 
uscles. 

In  both  Experiments  II  and  III  the  percent  of  phosphorus 
e  meat  as  a  whole  is  the  same  in  the  corn  lot  and  the  low-phc 
lorus  lot,  but  the  proportion  of  phosphorus  to  protein  is  greate 
d  the  percent  of  phosphorus  in  the  ash  is  greater  in  the  corn  lo 
both  experiments,  than  in  the  low-phosphorus  lots,  because  of  tl 
laller  amount  of  protein  and  of  ash  in  the  muscles  of  the  com-f< 
gs.  These  differences  are  less  in  Experiment  II,  where  the  sodiu 
losphate  was  fed  to  the  low-phosphorus  lot,  than  in  Experiment  I 
3ere  the  hominy  and  blood-flour  were  fed  alone.  In  both  e 
riments  the  gain  in  muscle  was  much  greater  on  the  low-pho 
lorus  ration,  which  was  high  in  protein,  than  on  the  corn  ratio 
aich  was  much  higher  in  phosphorus,  but  lower  in  protein. 

In  both  Experiments  II  and  III  there  is  quite  decidedly  lei 
losphorus  in  the  meat  as  a  whole,  in  the  protein,  and  in  the  as 
the  muscles  of  the  bran-extract  lots  than  in  the  corn  lots,  in  fa 
ese  bran-extract  lots  are  lower  in  the  phosphorus  in   the  muscl 
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than  any  other,  without  exception,  in  either  experiment,  while  at 
the  same  time  these  rations  caused  the  greatest  increase  in  the 
weight  of  these  muscles.     (Table  XXIII,  page  284). 

The  bone-meal  and  the  low-phosphorus  lots  in  these  two 
experiments  furnish  a  most  interesting  comparison. 

Adding  bone-meal  to  the  ration  of  hominy  and  blood-flour  in- 
creased the  proportion  of  ash  to  protein  in  the  muscles  produced; 
did  not  increase  the  percentage  of  phosphorus,  either  in  the  muscle 
or  in  the  ash  of  the  muscle;  and  decreased  the  percentage  of  protein 
in  the  muscles. 

In  both  experiments  the  undetermined  constituents  were 
slightly  greater  in  amount  with  the  bone-meal  lot  than  with  the 
low-phosphorus  lot,  which,  assuming  the  work  to  be  correct,  might 
indicate  a  higher  percentage  of  glycogen. 

Bran-extract  has  a  tendency  to  produce  muscles  containing  a 
low  percentage  of  phosphorus  in  the  ash.  In  Experiment  II,  the 
bran-extract  lots  were  lower  than  others  in  this  regard,  the  lot  re- 
ceiving the  most  bran-extract  being  the  lowest,  and  in  Experiment 
in  the  bran-extract  lot  was  again  lowest  of  all.  In  both  experi- 
ments the  lot  having  the  least  phosphorus  in  the  meat  had  received 
bran-extract.  The  rations,  however,  containing  bran-extract  were 
high  in  phosphorus. 

The  results  from  the  analysis  of  the  meat  samples  from  the  one 
pig  which  received  lecithin  with  the  basal  ration  of  hominy  and 
blood-flour,  and  which  constituted  Lot  3,  in  Experiment  II,  are 
regarded  as  having  greater  value  than  the  weights  of  organs  of  this 
pig:,  and  data  regarding  gains  in  weight.  It  would  seem  from  these 
figrures  that  the  lecithin  had  tended  to  the  production  of  muscles 
containing  a  high  moisture  content,  low  percentage  of  protein  and 
of  fat,  very  high  percent  of  phosphorus,  high  percent  of  water  in 
the  fat-free  meat,  high  percent  of  ash,  and  high  proportion  of  phos- 
phorus to  protein,  and  high  percent  of  phosphorus  in  the  ash. 

In  the  kidneys  the  lecithin  lot  contained  a  low  percent  of  water, 
and  was  high  in  protein  and  in  phosphorus,  but  the  proportion  of 
phosphorus  to  protein  was  not  unusual.     (Table  XXVII,  page  292). 

The  liver  of  this  pig  analyzed  high  in  phosphorus,  and  high  in 
the  percent  of  phosphorus  in  the  ash.     (Table  XXVIII,  page  294). 

Hence  we  may  say  regarding  the  lecithin  lot,  that  the  phos- 
phorus content  of  the  meat  as  a  whole,  in  the  muscles,  was  much 
higher  than  in  any  other  lot;  in  the  liver  it  was  as  high  as  in  any  lot, 
and  in  the  kidneys  it  was  exceeded  only  by  the  check  lot  which  was 
not  fed.  The  small  amount  of  lecithin  fed  has  produced  these 
marked  effects  only  because  the  basal  ration  to  which  it  was  added 
was  exceedingly  low  in  phosphorus  compounds. 
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The  kidneys  from  the  corn-fed  pigs,  (Table  XXVII,  page  292), 
contained  less  water  and  more  fat,  in  both  Experiments  II  and  III, 
than  from  any  other  lots.  In  both  experiments  they  were  high  in 
protein  and  in  ash.  The  phosphorus  content  of  the  kidneys  of  the 
young  pigs  of  Experiment  HI,  was  much  higher  in  the  corn  lot,  the 
the  bone-flour  lot,  and  the  low-phosphorus  lot,  but  lower  in  the 
check  lot,  than  in  the  corresponding  lots  of  older  pigs  in  Ex- 
periment n. 

The  kidneys  of  the  bran-extract  lots  were,  in  both  Experiments 
n  and  m,  lower  in  fat  than  any  except  the  check  lot;  were  high  in 
percent  of  water,  and  higher  than  any  other  lots  in  percent  of  water 
in  the  fat-free  meat;  were  low  in  fat  in  the  water-free  meat;  low  in 
ash,  and  in  proportion  of  ash  to  protein. 

The  bone-meal  ration  produced  kidneys  that  were  high  in  fat, 
both  on  the  basis  of  the  whole  meat  and  the  water-free  meat,  and 
in  both  Experiments  n  and  HI  were  higher  in  fat  than  in  the  bran- 
extract,  the  low-phosphorus,  and  the  check  lots. 

The  livers  of  the  corn-fed  lots,  (Table  XX Vm,  page  294),  were 
characterized  by  only  two  conditions  that  hold  good  through  both 
experiments;  in  each  they  are  comparatively  low  in  ash  and  in 
phosphorus. 

The  livers  of  the  bran-extract  lots  are  characterized  by  being 
high  in  percent  of  phosphorus,  and  high  in  percent  of  phosphorus 
in  the  ash.  Compared  with  the  bone-meal  lots,  the  bran-extract 
lots.  No.  4  in  Experiment  11,  and  No.  3  in  Experiment  III,  were  the 
higher  in  both  experiments  in  water,  protein,  fat,  phosphorus, 
water  in  the  fat-free  meat,  fat  in  the  water-free  meat,  and  phos- 
phorus in  the  ash.  The  phosphorus  and  ash  in  the  protein  were 
higher  in  the  bone-meal  lots. 

Since  water,  fat  and  protein  were  all  higher  in  the  livers  of  the 
bran-extract  lots  than  in  the  bone-meal  lots,  this  would  indicate  a 
higher  glycogen  content  in  the  livers  of  the  latter,  or  errors  in 
analytical  work. 

The  livers  of  the  low-phosphorus  lots.  No.  6  in  Experiment  II 
and  No.  5  in  Experiment  HI,  were  high  in  percentage  of  protein  and 
ash,  but  low  in  water  and  phosphorus,  and  in  the  proportion  of  ash 
and  of  phosphorus  to  the  protein. 
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CONCLUSIONS  FROM  EXPERIMENTS  II  AND  III. 

Experiment  II,  Lot  1,  (com  alone).  By  reference  to  Table 
XIX,  page  271,  we  see  that  Lot  1  received  the  lowest  proportion  of 
proteid  to  non-proteid  food,  the  smallest  amount  of  calcium  and  of 
sulphur,  but  more  phosphorus,  than  any  lot  except  Lot  2,  (larger 
amount  of  bran-extract).  The  ration  contained  a  greater  excess  of 
mineral  acid  over  mineral  base  than  any  other. 

This  ration  of  corn  alone  produced  the  least  increase  in  live 
weight,  (Table  XX,  page  278),  the  smallest  and  weakest  bones, 
(Table  XXV,  page  288),  the  smallest  percent  of  liver,  kidney  and 
muscle  in  the  increased  weight,  (Table  XXIV,  page  285),  the 
smallest  gain  in  the  weight  of  the  heart,  and  the  largest  increase  in 
the  leaf-lard  and  back-fat,  (Table  XXm,  page  284). 

The  weakness  of  the  bones  is  attributed  principally  to  the 
deficiency  of  corn  in  calcium  and  in  protein,  and  to  the  considerable 
excess  of  mineral  acid  over  mineral  base  in  this  feed.  The  great 
excess  of  magnesium  in  proportion  to  xalcium  is  also  probably  a 
factor  in  the  inefficiency  of  corn  to  produce  bone. 

The  low  proportion  of  proteid  tissues  and  high  proportion  of 
fat  in  the  increase  is  due  mostly  to  the  low  protein  content  of  this 
feed;  and  proteid  increase  was  also  doubtless  interfered  with  by  the 
excess  of  acid  mineral  elements. 

Experiment  III,  Lot  1,  (com  alone).  The  corn  ration,  in 
Experiment  III,  (Table  XIX,  page  272),  was  low  in  protein  and  cal- 
cium but  high  in  phosphorus  in  comparison  with  these  other  rations. 
It  seemed  to  be  poorly  adapted  to  the  production  of  tissue,  the  gains 
in  live-weight,  muscles  and  internal  organs  being  generally  very  low. 
It  was  better  adapted  to  the  production  of  fat,  of  lungs,  and  of  ash  in 
the  bones  than  to  other  purposes.  (Table  XXIII,  page  284 ).  We 
should  bear  in  mind,  however,  that  corn  is  a  very  poor  bone  food, 
and  that  it  excelled  in  this  experiment  only  because  the  other  rations 
were  still  less  efficient.  The  high  fat  production  seems  to  be  due 
principally  to  the  low  proportion  of  protein  in  the  ration,  the  animal 
being  forced  to  make  fat  through  its  inability  to  construct  proteid 
growth  from  the  nutrients  provided.  The  low  calcium  content  of 
the  ration  was  quite  unfavorable  to  bone  formation.  The  compara- 
tive abundance  of  phosphorus  and  the  deficiency  in  protein,  which 
limited  the  use  of  phosphorus  in  proteid  increase,  accounts,  in  part, 
for  the  considerable  gain  which  there  was  in  the  ash  of  the  bones, 
the  ash  per  cubic  centimeter  of  volume  being  higher  than  in  other 
lots.  (Table  XXV,  page  288). 
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In  both  Experiments  II  and  III  the  proportions  o£  lunsfs,  leaf- 
lard  and  back-fat  were  all  higher  in  the  increase  made  by  the  com 
ration  than  with  the  balanced  rations,  but  the  proportions  of  kidneys 
and  muscles  in  the  increase  with  the  corn  rrtion  were  lower  than 
with  the  other  rations,  which  contained  more  protein. 

In  Experiment  I,  (Table  XI,  page  261),  the  same  relations  exist 
in  the  development  of  these  organs,  between  the  corn  rations  and 
the  balanced  rations,  except  that  the  increase  in  lungs  is  compara- 
tively less  than  in  the  balanced  rations. 

The  association  of  small  kidneys  and  muscles,  with  thick  back- 
fat  and  heavy  leaf-lard,  in  the  lots  which  received  corn  alone,  is 
apparently  simply  the  result  of  the  lack  of  protein  in  the  ration. 

The  muscular  tissue  produced  from  corn  was  characterized  by 
high  fat  and  low  protein  contents,  and  by  high  water  content  of  the 
fat-free  meat. 

The  kidneys  of  the  corn-fed  pigs  were  low  in  water  content, 
and  higher  in  fat  than  the  kidneys  from  other  lots. 

The  livers  of  the  corn-fed  pigs  were  low  in  ash  and  in 
phosphorus. 

The  younger  pigs  used  in  Experiment  III  did  not  thrive  on  this 
corn  ration  nearly  so  well  as  did  the  older  pigs  of  Experiment  n. 

Experiment  II,  Lot  2,  (hominy,  blood-flour  and  bran-extract, 
larger  amount).  This  lot  which  received  the  larger  amount  of  bran- 
extract,  received  about  the  same  organic  nutrients  as  Lot  4,  which 
received  a  very  much  smaller  amount  of  bran-extract;  hence  we 
may  look  to  differences  in  the  mineral  nutrients  for  explanation  of 
differences  in  results.  The  lot  which  received  the  larger  amount  of 
the  extract  received  in  its  ration  more  mineral  nutriment  than  the 
lot  receiving  less  of  this  extract,  and  since  the  balance  of  mineral 
acid  to  base  in  bran-extract  is  in  favor  of  the  basic  elements,  ration 
No.  2,  containing  the  larger  amount  of  this  food,  contained  a  smaller 
excess  of  mineral  acid  over  mineral  base  than  than  did  ration  No.  4. 
These  observations  are  all  in  favor  of  Lot  2;  but  this  lot  of  pigs  was 
constantly  in  discomfort,  and  the  results  show  that  something  was 
wrong  with  the  ration.  The  bones  of  the  pigs  were  less  in  volume, 
(Table  XXV,  page  288);  the  ash  per  cubic  centimeter  of  volume  ol 
bones  was  less;  the  breaking  strength  of  the  bones  was  much  less,  and 
the  measurements  of  length  and  diameter  were  less  where  the  larger 
amount  of  bran-extract  was  used. 

The  gain  in  live  weight,  heart,  lungs,  leaf-lard,  muscles  and 
back-fat  was  less,  and  the  gain  in  liver,  spleen  and  kidneys  decidedly 
greater  where  the  larger  amount  of  the  bran-extract  was  used. 
(Table  XXIII,  page  284). 
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These  diflferences  seem  to  be  due  to  the  great  excess  of  ma^f^ 
nesium  over  calcium  in  bran-extract,  which  resulted  in  a  withdrawal 
of  calcium  from  the  body;  it  is  possible  that  the  large  amount  of 
phytin  in  the  bran-extract  also  contributed  to  the  unfavorable 
results,  though  at  least  in  moderate  quantities  this  compound  is  a 
valuable  nutrient. 

Experiment  II,  LrOt  3,  (low-phosphorus  basal  ration  and  small 
amount  of  lecithin).  This  lot,  which  received  a  small  amount  of 
pure  lecithin  in  the  feed,  was  composed  of  but  a  single  pig,  and  we 
hesitate  to  draw  conclusions  from  results  with  a  single  individual;  we 
would  call  attention,  however,  to  the  facts  that  this  ration,  differing 
from  that  fed  to  Lot  6  only  in  that  the  latter  received  as  sodium  phos- 
phate the  same  amount  of  phosphorus  that  the  former  received  as 
lecithin,  produced  greater  gain  in  live-weight  at  a  lower  expenditure 
of  food  and  the  percent  of  gain  in  heart,  liver,  spleen,  leaf-lard  and 
muscles,  and  in  the  ash,  volume,  ash  per  cubic  centimeter  of  volume 
and  breaking"  strength  of  the  bones  was  also  greater  with  this  ration 
containing  lecithin. 

The  gain  in  the  lungs  and  kidneys  was  less  where  lecithin  was 
fed  than  where  the  phosphorus  was  fed  as  sodium  phosphate.  These 
facts  may  indicate  high  proportion  of  storage  of  the  nutrients  in  the 
body  and,  in  consequence,  low  eliminative  activity. 

These  observations,  coupled  with  the  more  rapid  and  economical 
gain  in  weight,  and  the  greater  increase  in  the  growth  of  muscles, 
mceral  organs  and  bones,  might  be  considered  to  indicate  that  the 
lecithin  had  exercised  a  very  favorable  influence  in  the  animal 
economy.  These  deductions  are  suggested  because,  though  this 
evidence  is  insufficient  for  their  establishment,  subsequent  work  by 
the  author  at  the  Ohio  Station  sustains  these  observations.  They 
appear  to  be  in  harmony  with  the  facts.  It  may  be  well,  however,  to 
call  attention  to  the  fact  that  these  results  were  obtained  with  rations 
which  were  very  low  in  phosphorus.  We  have  as  yet  no  evidence  to 
warrant  the  supposition  that  any  such  results  would  have  attended 
the  addition  of  lecithin  to  a  normal  ration,  or  that  lecithin  is  the  only 
organic  phosphorus  compound  possessing  the  same  capacities.  Ten 
percent  of  the  phosphorus  of  this  low-phosphorus  ration  was  in  the 
shape  of  lecithin. 

The  pig  selected  for  this  ration  was  not  apparently  in  any  way 
a  superior  individual.  There  was  no  difference  of  opinion  on  this 
point  among"  those  who  observed  the  progress  of  the  experiment. 

The  muscles  of  the  pig  which  received  lecithin  were  character- 
ized by  a  high  percent  of  water  and  of  ash;  and  of  phosphorus,  in  the 
tissue  as  a  whole,  and  also  in  the  ash  of  the  muscle. 
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The  kidneys  were  low  in  water  content. 

The  liver,  like  the  muscles,  was  high  in  its  content  of  phos- 
phorus, both  in  the  tissue  as  a  whole  and  in  its  ash. 

Experiment  II,  Lot  4,  Csmaller  amount  of  bran-extract)  and 
Lot  5,  (bone-meal).  Lot  4,  which  received  the  smaller  amount  of 
bran-extract,  gained  in  weight  rapidly  and  economically,  (Table 
XX,  page  278),  and  there  was  every  evidence  that  these  pigs  were 
well  nourished. 

The  most  instructive  comparison  is  between  this  lot  and  Lot  5, 
which  received  bone-meal  with  its  basal  ration.  The  proportion  of 
protein  to  non-proteid  organic  nutrients  was  the  same  in  both  rations. 
The  most  marked  diflFerences  are  in  the  phosphorus  compounds  used 
as  supplements.  In  Lot  4  the  bran-extract  contained  a  very  large 
amount  of  phosphorus  in  an  organic  combination  known  as  phytin. 
The  ration  fed  to  Lot  5  contained  somewhat  more  phosphorus  than 
the  stbove,  but  two-thirds  of  it  was  inorganic  bone  phosphate. 

This  bone-meal  ration  t^ontained  six  times  as  much  calcium,  but 
only  one-third  as  much  magnesium,  as  the  bran-extract  ration.  No. 
4,  and  also  contained  a  smaller  excess  of  mineral  acid  over  mineral 
base. 

Lot  4,  which  received  the  organic  phosphorus  compound  from 
wheat  bran,  made  greater  and  more  economical  growth  and  pro- 
duced a  larger  percentage  of  muscle  and  fat  in  the  increase,  (Table 
XXIV,  page  28S),  but  the  development  of  the  bones  was  very  decid- 
edly less,  (Table  XXV,  page  288),  being  excelled  in  volume,  total 
ash,  ash  per  cubic  centimeter  of  volume,  breaking  strength  and 
length,  and  in  one  of  the  two  transverse  diameters. 

The  fact  that  the  bone-meal  lot  received  the  most  calcium  and 
phosphorus  explains  in  part  their  greater  development  of  bone,  but 
renders  still  more  decisive  their  failure  to  develop  muscle.  Bone- 
meal  seems  not  to  be  able,  as  is  bran-extract,  to  contribute  to  the 
development  of  proteid  increase. 

The  lower  potassium  content  of  the  bone-meal  ration,  (Table 
XIX,  page  271),  may  be  a  factor  in  its  inferiority  for  muscle  produc- 
tion, since  potassium  is  a  prominent  constituent  of  the  ash  of  flesh. 

We  should  also  bear  in  mind  that  the  bone-meal  lot  ate  14  percent 
less  feed  than  the  bran-extract  lot.  No.  4,  but  that  at  the  same  time 
the  bones  produced  were  both  denser  and  stronger. 

The  bone-meal  ration  contained  more  than  twice  as  much  phos- 
phorus as  the  low-phosphorus  ration.  No.  6,  but  produced  a  smaller 
proportion  of  muscle  in  the  increased  weight.  This  is  probably  due 
most  largely  to  the  unavailability  of  the  phosphorus  of  bone  for  muscle 
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formation,  but  partially  to  the  lowered  digestibility  of  the  protein 
of  this  ration  because  of  the  presence  of  phosphorus  in 
this  condition.  This  latter  fact  has  been  observed  by  a  number  of 
inyestigators,  among  them  LeClerc  and  Cook*. 

Experiment  III»  Lot  3,  (bran-extract)  and  Lot  4,  (bone  meal). 
In  this  experiment  the  bran-extract  ration  was  consumed  in  the 
same  amount  as  the  bone-flour  ration,  and  the  nutritive  ratio  and 
amount  of  protein  were  the  same.  These  rations  differed,  however, 
as  to  the  amount  and  kind  of  ash  constituents,  the  bran-extract 
ration  containing  decidedly  more  potassium  and  phosphorus  but 
very  much  less  calcium.    (Table  XIX,  page  272). 

This  excess  of  calcium  in  the  bone-meal  ration  increased  the 
amount  and  proportion  of  ash  in  the  increase,  and  the  ash  per  cubic 
centimeter  of  volume  of  bone,  but  seems  not  to  have  been  of  other 
conspicuous  advantage.     (Table  XXIV,  page  285). 

The  deficiency  of  potassium  and  phosphorus,  as  compared  with 
the  bran-extract  ration,  is  reflected  in  the  gain  in  live-weight,  mus- 
cle, heart,  liver,  spleen,  lungs  and  kidneys.  In  each  case  the  bran- 
extract  lot  exceeded  the  bone-flour  lot.  (Table  XXIII,  page  284). 
What  then  did  the  bone-flour  lot  do  with  that  amount  of  nutriment 
which  the  bran-extract  lot  made  into  the  greater  amount  of  protein 
in  the  increase?  Judging  by  appearances  we  would  say  that  they 
made  it  into  fat,  for  they  looked  very  much  fatter,  and  in  accordance 
with  this  idea  we  find  that  the  leaf-lard  was  heavier,  and  the  back-fat 
thicker  in  this  lot.  (Table  XXI,  page  281).  There  was  the  same 
amount  of  phosphorus  in  the  hominy  and  blood-flour  in  both  the 
bran-extract  and  the  bone-flour  rations,  (Table  XIX,  page  272),  but 
the  phosphorus  in  the  bran-extract  was  greater  in  amount  than  the 
phosphorus  in  the  bone  flour,  and  was  present  in  a  very  difi^erent 
compound,  in  the  former  case  being  mostly  phytin,  and  in  the  latter 
case  being  mostly  the  tri-calcic  salt  of  phosphoric  acid. 

While  this  bran-extract  produced  maximum  muscular  increase, 
the  muscles  were  characterized  by  a  lower  phosphorus  content  than 
is  found  in  any  other  loU 

The  kidneys  of  the  bran-extract  pigs  were  very  low  in  fat,  and 
high  in  water,  both  in  the  tissue  as  a  whole  and  in  the  fat-free  sub- 
stance. The  kidneys  were  also  low  in  ash  in  the  tissue  as  a  whole, 
and  also  low  in  proportion  of  ash  to  protein. 

The  livers  of  this  lot  were  characterized  by  high  contents  of 
phosphorus,  both  in  the  tissue  as  a  whole,  and  in  the  ash. 

^LeClaic  and  Cook:    Joorn.  BloL  Chem.   ToL2.p.203. 
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The  additioa  of  bone-meal  to  the  low-phosphorus  ration  increased 
the  proportion  of  ash  to  protein  in  the  muscles  produced,  by  decreas- 
ing the  percentage  of  protein.  The  percentage  of  phosphorus  was 
not  increased  either  in  the  muscles,  or  in  the  ash  of  the  muscle. 

The  kidneys  were  characterized  by  a  high  fat  content. . 

Experiment  II,  Lot  6,  (**low-phosphorus  lot,'*  basal  ration  and 
small  amount  of  sodium  phosphate).  The  '*low-phosphorus"  ration, 
No.  6,  was  also  low  in  calcium,  (Table  XIX,  page  271),  but  did  not 
contain,  as  apparently  did  the  corn,  and  bran-extract  rations,  an 
excessive  proportion  of  magnesium  to  calcium. 

There  are  in  the  results  from  this  ration  no  such  marked  indica- 
tions that  the  pigs  suffered  from  a  lack  of  phosphorus  as  with  the 
same  ration  in  Experiment  III,  where  the  pigs  were  considerably 
younger,  and  where  no  sodium  phosphate  was  fed  with  the  hominy 
and  blood-flour. 

The  43.5  grams  of  phosphorus  fed  to  this  low-phosphorus  lot  as 
sodium  phosphate  constituted  10  percent  of  the  total  amount  of  phos- 
phorus in  the  ration.  Its  ready  solubility  may  have  given  it  a  value 
out  of  proportion  to  its  amount,  in  comparison  with  the  total  phos- 
phorus in  the  ration. 

Comparing  this  low-phosphorus  lot,  No.  6,  with  the  bran-extract 
lot.  No.  4,  we  find  that  the  gain  in  weight  was  essentially  the  same, 
and  the  efl&ciency  of  the  two  rations  to  cause  gain  in  weight  was  the 
same,  (Table  XX,  page  288).  We  do  see  some  evidence  of  the  lack 
of  phosphorus,  calcium  and  potassium,  in  ration  No.  6,  however,  in 
the  smaller  gain  in  the  volume  and  ash  of  the  bones,  in  their  lower 
breaking  strength,  (Table  XXV,  page  288),  and  in  the  somewhat 
smaller  proportion  of  muscle  in  the  increase,  (TableXXIV,  page  285). 

Shotes  with  well-grown  bones  and  muscles  seem  to  be  able  to 
stand  a  moderate  shortage  in  the  ash  constituents  of  the  ration  for 
56  days,  without  any  marked  effect.  The  younger  pigs  of  Experi- 
ment III  felt  the  lack  of  the  ash  constituents  of  this  ration,  the  same 
except  for  the  lack  of  the  sodium  phosphate,  very  much  more 
keenly. 

Experiment  III,  Lot  5,  ("low-phosphorus"  basal  ration).  The 
"low-phosphorus"  ration.  No.  •;  (Table  XIX,  page  272),  consisting 
of  hominy  and  blood-flour,  contained  decidedly  less  calcium,  potas- 
sium and  phosphorus  than  either  the  bran-extract  or  the  l>one-flour 
rations.  The  food  was  also  eaten  in  smaller  amount,  but  had 
the  same  nutritive  ratio  as  these  other  two.  In  potassium  and  phos- 
phorus this  ration  was  much  lower  than  the  corn  ration,  but 
was    decidedly    higher    in    protein    and    calcium.       The  greater 
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quantities  of  calcium  and  of  protein,  however,  did  not  compensate 
for  the  lack  of  phosphorus  and  potassium,  for  the  gain  in  the  ash  of 
the  bones  was  almost  nothing;  very  much  less  than  in  the  com  lot. 
(Table  XXIII,  page  284).  The  ash  per  cubic  centimeter  of  volume 
of  the  bones  was  less  than  with  other  lots,  and  was  much  less  than 
in  the  check  lot,  which  was  not  fed.     (Table  XXV,  page  261). 

The  most  interesting  conclusion  to  be  drawn  from  this  experi- 
ment, however,  is  that  the  proportion  of  muscle  in  the  increase  was 
not  greater  in  the  bone-flour  lot  than  in  the  low-phosphorus  lot.  No. 
5,  (Table  XXIV,  page  285),  thus  reinforcing  our  conclusions  drawn 
from  Experiment  II  that  the  phosphorus  of  bone  is  not  of  appreciable 
assistance  in  the  formation  of  muscle.  In  both  these  experiments 
there  is  a  slightly  greater  proportion  of  muscle  in  the  increase  with 
the  low-phosphorus  lot  than  with  the  bone-meal  or  bone-flour  lot,  but 
in  both  cases  a  less  proportion  than  with  the  bran-extract  lot. 

The  most  noticeable  eflFect  of  this  low-phosphorus  ration  on  the 
chemical  composition  of  the  animal  was  the  low  proportion  of  ash 
and  of  phosphorus  to  protein  in  the  livers. 

QBNBRAL  SUMMARY 

The  limitations  imposed  by  the  food  supply  aflfect  not  only  the 
amount,  but  also,  within  limits,  the  composition  of  the  growth 
produced. 

The  mineral  elements  of  foodstuffs  appear  to  enter  largely  into 
the  determination  of  their  specific  effects  on  the  development  of 
animals. 

Rations  of  corn  balanced  by  proteid  supplements  from  sources 
other  than  corn,  appear  to  be  more  palatable  and  more  efBcient  to 
cause  growth  than  rations  of  corn  and  corn  products  only. 

The  deficiencies  of  corn  as  a  food  for  growing  animals  appear  to 
be  a  lack  of  protein  in  proportion  to  non-proteid  organic  nutrients; 
a  marked  lack  of  calcium,  and  a  less  pronounced  shortage  of  phos- 
phorus; an  excess  of  magnesium  in  proportion  to  calcium,  and  a 
deficiency  of  basic  mineral  elements  as  compared  with  acid  mineral 
elements. 

These  deficiencies  are  all  susceotible  of  correction  by  the  use 
of  supplements.  We  know  of  no  reason  why  good  sound  corn  should 
be  entirely  withheld  from  any  animal  at  any  time  when  it  needs 
food. 
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The  specific  effects  of  corn  as  an  only  food,  as  evidenced  by 
the  growth  of  young  swine,  are  in  general,  a  retarded  development 
of  proteid  and  bony  tissues,  and  an  over-development  of  fatty  tissue. 
This  results  in  the  production  of  fine-boned,  poorly  muscled,  under- 
sized and  over-fat  animals,  which  reach  their  limit  of  growth  prema- 
turely, and  which  are  characterized  by  less  than  normal  breeding 
capacity.  Impaired  fecundity  seems  to  result  from  discouragement 
of  proteid  increase  generally,  and  from  the  lessened  circulation  of 
blood  in  the  female  reproductive  organs,  this  last  being  caused  by 
pressure  of  the  excessive  amounts  of  internal  fat  which  accumulate 
about  these  parts. 

With  hogs  fed  on  corn  alone,the  bones,  muscles,  liver,  kidneys, 
lungs,  heart  and  spleen  all  compose  an  abnormally  small  proportion 
of  the  increase  in  weight,  and  fat  composes  an  abnormally  large  part 
of  the  increase. 

The  muscles  of  corn-fed  pigs  are  high  in  fat,  and  low  in  protein 
and  in  water;  but  the  percentage  of  water  in  the  fat-free  meat  is 
decidedly  high.  The  proportion  of  ash  to  protein  in  the  flesh  of 
corn-fed  pigs,  however,  is  not  low. 

The  livers  of  corn-fed  hogs  are  small  and  low  in  ash  and  in 
phosphorus. 

Compared  with  rations  containing  more  protein,  corn  produces 
small,  fat  kidneys.  The  low-proteid  corn  ration  makes  less  exten- 
sive requirements,  and  so  produces  less  development  of  the  kidneys 
than  other  rations  containing  more  protein.  This  has  a  bearing  on 
the  feeding  of  growing  animals.  The  eliminative  functions  of  the 
body  will  not  reach  full  development  if  the  animal  be  reared  on  a 
minimum  protein  allowance. 

The  bones  likewise  are  small,  and  lacking  both  in  density,  as 
indicated  by  ash  content,  and  in  breaking  strength. 

Corn  alone  as  a  food  for  swine  lacks  palatability.  Hogs  will  eat 
very  much  more  of  mixed  rations,  and  make  much  greater,  more 
economical  and  almost  invariably  more  profitable  gains  in  weight, 
than  from  corn  alone. 

Corn  by  itself  is  more  nearly  a  perfect  food  for  maintenance 
than  for  growth.  The  younger  the  animal,  or  the  greater  the 
amount  or  proportion  of  protein  in  the  increase  in  a  given  time,  the 
less  nearly  is  corn  a  perfect  food  for  animals. 

In  comparing  rations  of  corn  alone  with  rations  of  com  supple- 
mented with  wheat  middlings,  linseed  oil  meal,  tankage,  soy  beans 
and  germ  oil  meal,  all  rations  except  the  corn  being  compounded  to 
have  the  same  nutritive  ratio,  the  proteid  increase  was,  in  general, 
in  accord  with  the  organic  phosphorus  content  of  these  rations. 
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The  development  of  fat  was  in  the  inverse  order;  that  is,  where  the 
protein  of  the  ration  was  accompanied  by  the  proper  mineral  ele- 
mentSy  a  certain  amount  of  proteid  tissue  was  produced;  where  the 
protein  of  the  food  lacked  the  necessary  mineral  accompaniments, 
its  nitrc^enous  portion  was  excreted,  and  the  remainder  used  for 
the  production  of  fat  and  ener^.  The  tankage,  linseed  oil  meal,  and 
soy  bean  rations  were  about  equally  palatable  and  eflfective  to  cause 
grain  in  weig^ht. 

Tankagre  and  linseed  oil  meal  are  about  equally  profitable  sup- 
plements to  com  at  the  prevailing:  prices  of  recent  years. 

Soy  beans  may  be  g^rown  in  the  Com  Belt  and  used  with  profit 
in  pork  production,  thoug'h  the  supply  of  beans  on  the  market  is 
sufficient  only  to  satisfy  the  demands  for  seed,  at  seed  prices. 

Wheat  middling^s  and  g^erm  oil  meal  are  neither  so  palatable,  nor 
so  efficient,  nor  so  profitable,  as  supplements  to  com  in  pork  pro- 
duction as  are  tankage  and  linseed  oil  meal. 

The  principal  organic  phosphorus  compound  of  wheat  bran, 
known  as  phytin,  is  a  valuable  nutrient.  It  contributes  to  the 
development  of  proteid  tissues  generally,  including  muscles  and 
visceral  organs,  and  also  to  the  growth  of  bone. 

Phytin  was  fed  as  a  water-extract  of  wheat  bran,  the  solution  of 
the  phjrtin  being  accomplished  principally  by  the  slight  acidity  pro- 
duced by  bacterial  fermentation.  This  bran-extract  is  characterized 
by  a  very  high  magnesium  content,  especially  so  in  relation  to  calciubi. 
The  antagonism  between  these  elements  in  their  effect  upon  the 
tissues  renders  this  disproportion  a  matter  of  importance,  since  it 
exists  not  only  in  wheat  bran  and  wheat  middlings,  but  also  in  corn 
and  in  other  grain  feeds. 

The  excess  of  magnesium  in  proportion  to  calcium  in  foods 
appears  to  cause  a  counteractive  liberation  of  calcium  from  the  tissues, 
especially  the  bones,  and  thus  we  may  produce  malnutrition  of  the 
bones  merely  by  the  excessive  use  of  a  food  characterized  by  dis- 
proportionate amounts  of  magnesium  and  calcium. 

The  ash  of  the  bran-extract  used  in  these  experiments  was,  as 
is  the  ash  of  bran,  about  neutral.  Hence  this  removal  of  ash  from 
the  bones  was  not  acidosis,  though  the  effects  upon  the  bones  was 
the  same.  Water-extract  of  wheat  bran  is  a  very  palatable  food. 
Its  nutritive  yalue  was  most  pronounced  when  used  in  moderation; 
the  pathological  consequences  appeared  when  fed  in  larger  amounts. 

"Bran  disease,"  "shorts  disease,"  or  "miller's  horse  rickets" 
appears  to  be  caused,  in  part,  by  the  excessive  proportion  of  mag- 
nesium to  calcium  in  wheat  bran  and  shorts. 
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The  muscles  of  pig's  which  received  bran-extract  were  chax-- 
acterized  by  a  low  phosphorus  content,  though  the  ration  itself  Avats 
rich  in  easily  assimilable  phosphorus. 

The  livers  of  pigs  which  received  bran-extract  were  higrh  in 
phosphorus,  both  in  the  tissue  as  a  whole  and  in  the  ash.  Tlie 
kidneys  from  pigs  which  received  bran-extract  were  low  in  fat  and 
in  ash,  but  high  in  water  content. 

Lecithin  was  added  to  a  low-phosphorus  basal  ration  in  sucli 
quantity  as  to  contribute  10  percent  of  the  total  phosphorus  of  tlie 
ration.  This  ration  was  compared  with  another  in  which  the  same 
quantity  of  phosphorus  in  the  form  of  sodium  phosphate  was  added 
to  the  basal  ration. 

Lecithin  seems  to  be  a  valuable  nutrient.  The  ration  contain- 
ing this  compound  appeared  to  be  especially  palatable  and  excelled 
in  the  rapidity  and  economy  of  the  gain  produced. 

The  muscles,  livers  and  kidneys  produced  by  the  lecithin  ration 
all  contained  a  high  percentage  of  phosphorus.  Subsequent  \vork 
by  the  author  at  the  Ohio  Station  shows  that  phosphorus  in  the  same 
condition  as  in  lecithin  contributes  to  the  organic  phosphorus 
content  of  brain  and  muscle. 

The  phosphorus  of  bone-meal  appears  not  to  add  to  the  muscle- 
producing  capacity  of  a  low-phosphorus,  ration;  in  fact,  there  is 
some  evidence  to  suggest  that  it  interferes,  to  a  slight  extent,  with 
the  utilization  of  protein.  Bone-meal,  however,  contributes  directly 
and  conspicuously  to  the  ash,  density  and  breaking  strength  of  bone. 

Bone-meal  does  not  diminish  the  tendency  of  pigs  fed  on  a  lov^- 
phosphorus  ration  to  make  fat  from  the  protein  of  the  food. 

The  muscles  of  the  pigs  which  received  bone-meal  were  lower  in 
ash,  and  percentage  of  phosphorus  in  the  ash,  than  the  muscles  of 
pigs  which  had  received  a  low-phosphorus  ration  lacking  the 
bone-meal. 

A  ration  which  was  very  low  in  phosphorus,  potassium  and 
calcium,  but  which  contained  an  abundance  of  protein  and  other 
organic  nutrients,  made  very  little  increase  in  muscles  and  in 
bone  ash. 

The  ration  lowest  in  phosphorus  produced  muscles  which  were 
especially  low  in  water,  both  in  the  whole  tissues  and  in  the  fat-free 
substance;  high  in  protein,  ash  and  phosphorus,  but  low  in  the  pro- 
portion of  phosphorus  to  protein. 
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The  phosphorus  compounds  of  the  food  do  not  directly  favor 
fattening',  as  they  do  muscular  growth,  but  they  may  do  so  indirectly, 
throug-h  affecting-  the  general  health  of  the  animal.  On  the  other 
hand  they  are  apt  to  discourage  fattening  in  growing  animals 
through  makixig:  possible  the  normal  use  of  the  nutriment  in  the 
formation  of  proteid  increase. 

The  g"eneraJ  result  of  this  work  is  to  call  attention  to  the  import- 
ance of  the  ash  constituents  generally  and  to  phosphorus  in 
particular  in  the  rations  of  growing  animals. 

If  we  are  to  use  corn  as  the  principal  food  for  animals  which  are 
being  fed  either  for  growth  or  production  of  other  proteid  increase, 
such  as  milk  and  eggs,  we  can  hope  for  the  greatest  success  only 
by  feeding-  with  the  corn,  supplements  that  are  richer  in  protein, 
calcium  and  phosphorus;  higher  in  proportion  of  basic  minerals  to 
acid  minerals,  and  lower  in  proportion  of  magnesium  to  calcium. 
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A  BRICF  HANDBOOK  OP  THE  DISEASES  OP 
CULTIVATED  PLANTS  IN  OHIO 

By  A.  D.  SBLBY 

INTRODUCTION 

^be  idea  of  disease  is  not  a  simple  one,  though  it  may  seem  so 
before  trying  to  define  it.  In  reality  the  term  "disease'*  as  applied 
to  plants,  means  any  change  in  that  plant  toward  reduced  vigor,  etc.» 
from  the  ordinary  or  average  behavior.  To  put  it  another  way,  a 
plant  is  said  to  be  "diseased'Vwhen  it  shows  any  deviation  from  the 
ordinary  or  average  behavior  of  that  plant  in  respect  to  appearance, 
gr-owth,  color  of  bark,  foliage,  fruitfulness,  time  of  dropping  leaves 
or  len^rth  of  life;  in  short,  when  the  plant  fails  to  conform  to  those 
averagres  which  we  have  established  by  extended  observation  for 
tlie  si>ecies  and  variety  in  question,  we  say  it  is  diseased.  Under 
sucli  a  general  definition,  variegated  or  purple  hued  sports  would 
t>e  included,  although  potentially  rather  than  actually  in  diminished 
vi^or.  Variegated  sports  succumb  easily  to  parasitic  attack  and,  as 
later  investigations  show,  are  really  suffering  from  enzymatic 
•troubles. 

The  more  usual  symptoms  of  disease  are  marked  by  evident 
differepces  in  the  plant.  The  leaves  become  spotted,  curled  or 
discolored,  or  may  even  .drop  prematurely;  the  fruit  may  develop 
tuievenly  or  be  marked  by  decayed  spots,  or  the  twigs  may  blight, 
^veilt  or  die.  In  all  such  cases  we  have  a  manifest  loss  of  vigor  and 
x-ednced  profit.  Yet  we  may  not  attribute  all  these  to  parasitic 
fnn^or  to  parasitic  insects;  purely  physical  or  chemical  agencies 
-may  be  at  the  bottom  of  certain  troubles.  Plants  may  be  as- 
pliyziated  by  too  much  water  which  excludes  the  air  supply;  they 
2nay  likewise,  be  strangled  by  escaping  leases,  especially  in  the  case 
of  city  shade  trees,  or  their  protoplasm  may  be  attacked  by  chemi- 
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agrents  such  as  strong:  acids  and  alkalis.      Quick  srrowinfi:   pla: 
>ear  to  fall  in  drought,  as  with  cucumbers  when  started   duri 
eriod  of  excessive  rains.    Plants,  and  especially  trees,   may 
ally  injured  by  winter  freezing,  by  hail,  by  overbearing  with  < 
istion  of  water  supply,  and  by  a  variety  of  causes. 

While  we  must  keep  our  minds  open  to  these  varying  causes 
paired  vigor,  by  far  the  larger  number  of  the  diseases  descrit 
this  bulletin  are  directly  attributable  to  parasitic  fungi  whi 
ack  the  plant  or  host  in  some  vital  part  and  rob  it  of  its  substan 
le  conditions  of  injury  arising  from  the  attacks  of  insects  ale 
^  not  included.  These  fungus  parasites  of  particular  plants  are 
Fering  sorts,  which  produce,  each,  its  more  or  less  partica 
Bcts.  It  must  follow,  therefore,  that  the  diseases  produc 
f er  in  nature  aad  that  the  names  applied  will  vary  according: 
ie  names  are  not  simply  blight,  rust,  etc.,  indiscriminate 
plied — they  are  given  with  reference  both  to  the  parasite  and 
ect  on  the  host  plant.* 

Parasitic  fungi  and  bacteria  which  cause  disease,  being  plan 
mgh  of  lower  class,  have  differences  among  themselves  which  m 
clearly  designated  and  defined.  The  names  applied  to  them  a 
:ompanied  by  specific  and  generic  descriptions  which  mark  < 
5  sort  as  definitely  as  do  the  descriptions  on  higher  plants  su 
ferns,  flowering  plants  and  trees.  The  extreme  minuteness 
t  parts  of  parasitic  fungi  and  bacteria  make  necessary  the  use 
i  microscope  in  their  description  and  detection.  The  parts  call 
>res  which  reproduce  these  minute  plants  have  special  form,  sL 
;.,  by  which  these  are  recognized  when  found. 

The  agencies  for  the  spread  of  parasitic  diseases  are  the 
orations  in  which  we  engage  or  those  which  surround  and  envel 
5  plants  as  well  as  ourselves.  Light  spores  will  be  carried  1 
rrents  of  air  like  particles  of  dust.  All  spores  or  germs  of  the 
/er  plants  may  be  carried  by  numerous  agencies  such  as  insecl 
fher  animals,  and  man.  They  will  also  find  entrance  into  plan 
whatever  openings  exist  at  the  time.  The  epidermis  of  a  green  le 
stem  has  breathing  pores  or  stomates  in  it;  the  leaves  of  musta 
.nts  have  water  pores  in  them  and  wounded  plants  have  the 
!sh  openings  to  invite  the  entrance  of  the  disease  conveyij 
>res  or  germs. 

The  remedies  for  plant  diseases  are  based  upon  the  charact 
i  life  history  of  the  particular  parasitic  growth  with  which  i 
7e  to  deal  and  upon  the  nature  of    the    host    plant    itself — sor 
sts  being  very  different  from  others  in  respect  to  permitting 
rays  of  fungicides  or  insecticides.     Common  sense  inferences  a 

*  See  naming  of  diseases. 
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always  of  use  in  dealing:  with  plant  diseases.  If  the  soil  is  too  wet, 
drain  it;  if  late  growth  predisposes  to  winter  injury,  avoid  such 
growth;  if  overbearing  weakens  plants,  prevent  it  by  thinning 
the  fruit. 

The  philosophy  of  seed  treatments  ^is  stated  under  diseases 
which  infest  the  seed;  that  of  soil  treatments  or  disinfection,  under 
soil  infesting-  disease,  and  the  general  doctrines  of  sprays,  fungi- 
cides, etc.,  under  that  heading  further  on.  The  progress  made  in 
plant  disease  prevention  throughout  the  world  during  the  period  of 
about  26  years  which  has  elapsed  since  the  discovery  of  Bordeaux 
Tiixture  in  France  shows  how  well  adapted  that  discovery  was  to 
he  needs  of  the  times. 

The  progress  made  in  recent  years  in  the  study  and  control  of 
plant  diseases  has  been  made  possible  by  the  agencies  recently 
developed  in  the  United  States  in  the  Agricultural  Colleges,  the 
Agricultural  Experiment  Stations  and  the  United  States  Depart- 
ment of  Agfriculture.  It  is  not  expected  that  this  advance  in  our 
knowledge  of  the  diseases  of  plants  or  of  the  methods  of  disease 
control  will  soon  v^rane.  Efforts  like  the  present  one  to  present 
briefly  the  doctrines  of  disease  and  the  philosophy  of  disease  con- 
trol together  with  brief  descriptions  of  prevailing  diseases  in  our 
state,  have  for  their  purpose  the  wider  dissemination  of  the  body  of 
present  day  knowledge  in  these  lines.  Such  a  statement  will  not 
close  the  march  of  progress  nor  make  less  the  need  for  more 
knowledge.  It  is  hoped  that  cultivators  of  plants,  whether  farmers, 
gardeners,  horticulturists  or  florists  will  find  suggestive  statements 
of  information  in  the  bulletin  by  which  they  can  direct  their  own 
efforts  to  better  advantage  and  correct  or  broaden  their  own  in- 
ferences from  observed  conditions  about  them.  All  such  results 
will  not  only  increase  the  need  for  more  knowledge,  but  will  furnish 
impetus  to  the  movements  by  which  we  will  gain  the  desired 
information. 

In  the  preparation  of  the  revised  edition  of  the  original  Bulletin, 
No.  121,  the  general  part  immediately  following  this  introduction 
has  been  considerably  enlarged  and  brief  discussions  are  now  given 
concerning'  groups  of  plant  diseases  as  well  as  those  concerning 
parasitic  fungi.  It  is  fully  apprehended  that  the  host  plant  is  the 
center  of  practical  as  well  as  economic  interest  and  these  statements 
concerning:  enzymatic  diseases  as  in  the  case  of  peach  yellows  and 
mosaic  disease  of  tobacco,  diseases  transmitted  in  the  seed,  soil 
infesting  diseases,  and  the  relation  of  the  spread  of  certain  diseases 
toleaf  biting  insects  are  given  as  aids  in  mastering  the  principles 
involved.     The  same  aim  has  governed  the  discussions  upon  wounds 
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d  wound  fungi  so  especially  dangerous  with  orchard,  shade 
-est  trees.  Somewhat  fuller  discussion  of  atmospheric  age 
affecting  the  occurrence  and  spread  of  plant  disease 
nedies  for  diseased  conditions  and  of  the  application  of  the  1 
combatting  diseases  and  a  presentation  of  storage  troubles 
lO  seemed  desirable.  Special  attention  is  called  to  the  host 
the  matter  of  breeding  or  selection  for  disease  resistance  ai 
t  contrasts  offered  by  American  and  European  points  of  vie 
mt  disease  study. 
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GENERAL  PART  I 
CONCBRNINQ  PLANT  DISEASES  IN  GENERAL 

As  defined  in  the  introduction,  a  plant  is  called  diseased  when 
it  fails  to  show  normal  vigor  and  normal  condition  of  its  parts. 
The  manner  of  disease  attack  is  extremely  varied  and  the  conditions 
set  up  as  a  result  of  disease  are  accordingly  of  many  different  kinds. 
We  learn  to  rec<^;iiize  disease  by  the  symptoms  shown  in  the  plant; 
these  symptoms  will  at  times  be  readily  interpreted  and  on  other 
occasions  they  will  prove  misleading.  Nothing  is  plainer  than  the 
necessity  for  continuous  observation  of  growing  plants  if  one  is  to 
be  in  a  position  to  interpret  the  symptoms  of  disease. 


Fit.  I.  Roots  of  white  bufley  tobacco  plant  attacked  by  broom-rape.  Bach  of  theae  maaeee 
attaebed  to  tbe  root  abowa  becinninc  of  tbe  lAant  which  will  rrow  up  in  larrer  dense  form,  and  pro- 
duce aa  aftaadaace  of  bloaeoma  and  eeeda  but  no  leaves.  Bach  one  of  these  must  have  started  from  a 
traried  aead  of  tbe  broom-rape,  Orobaneht  Ludoviciama  Nutt. 

Diseased  conditions  may  be  due  to  the  very  obvious  attacks  of 
certain  parasitic  seed  plants  which  lack  leaf-green  or  chlorophyll  in 
their  tissnes  and  must  subsist  on  other  plants  somewhat  after  the 
manner  of  parasitic  fungi.  The  dodders  which  attack  the  clovers, 
alfalfa,  onions,  etc.,  belong  in  the  class  of  parasitic  seed  plants  of 
the  genus  Cuscuta.    Their  seeds  are  liable  to  be  harvested  with  the 
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seeds  of  clover  or  alfalfa  and  to  be  present  in  the  commercial 
While  these  have  been  treated  in  the  weed  manual  they  require 
mention  here.  The  seedling  plant  of  dodder  first  forms  a 
root  and  sends  upward  a  whitish  stem  which  twines  about  tlie 
clover  or  other  stem,  and  sends  suckinijf  Ibranches  into  the  stem 
interior.  These  *'haustoria"  extract  food  material  from  the  clover 
stem — that  is  they  rob  it  of  its  own  substance.  Upon  the  formatioii 
of  such  organs  the  root  of  the  dodder  dies  off  and  the  fntnre  ex- 
istence of  these  twining:,  strawlike  stems  is  at  the  expense  of  tlie 
host  plant. 

A  similar  state  of  parasitic  existence  is  found  in  the  broorarape 
tribe  whose  very  small  seeds  are  scattered  through  the  soil*  Such 
a  broomrape  is  well  known  on  hemp,  and  the  same  hemp  broomrape 
also  attacks  tobacco  in  Kentucky  and  possibly  in  our  state.  We 
have  found  another  broomrape  attacking  tobacco  in  one  district  at 
Brown  county,  Ohio,  and  the  illustration  shows  its  appearance  otf 
the  tobacco  roots. 

When  the  leaves  of  a  plant  are  attacked  these  show  the  direct 
effects;  the  symptoms  of  parasitic  leaf  diseases  are  usually  localized 
injury  resulting  in  spotting  and  often  in  browning  of  the  leaf  parts. 
Leaves  may  dry  up  somewhat  slowly  and  drop  to  the  earth,  and  yet 
the  leaf  tissues  are  simply  dried  up.  Such  conditions  may  result 
from  late  frost  as  upon  shade,  fruit,  or  ornamental  trees.  A  most 
interesting  case  was  once  studied  upon  catalpa  as  a  result  of  a  f  rosi 
in  May.  In  that  case  the  drying  up  was  none  the  less  to  be  expected 
at  that  time. 

An  even  more  interesting  case  of  leaf  drying  and  dropping  ^v^as 
upon  young  catalpa  trees  in  a  nursery  caused  by  the  attacks  of  a 
root-rot  fungus,  Thielavia,  Owing  to  the  death  of  many  of  the 
rootlets  and  finer  roots  as  a  result  of  the  root-rot  trouble,  the  leaves 
of  these  young  trees  dried  up  prematurely  in  August  and  Septem- 
ber and  the  leaves  all  dropped  off.  Thus  we  may  have  leaf 
dropping  as  a  result  of  frost,  injury  by  hail,  root  impairment 
or  localized  parasitic  attack. 

LBAP  SPOT  AND  SHOT-HOLB  BPPBCTS 

Leaf-Spot  symptoms  are  everywhere  abundant  and  are  really 
of  very  diverse  origin.  In  any  example  in  which  the  leaf  tissues  are 
locally  invaded  by  a  parasitic  fungus  we  may  expect  evident  effects. 
In  the  downy  mildew  troubles  there  may  be  wet-rot  symptoms 
when  the  weather  is  moist,  as  in  the  case  of  Phytophthora  or  late 
blight  attacking  potato  or  tomato  leaves;  after  the  leaves  have  be- 
come badly  diseased  they  may  appear  to  die  very  suddenly  because 
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tlfte  £Tadaal  invasion  of  the  areas  has  been  overlooked.  In  many 
oilier  leaf  diseases  no  such  rapid  multiplication  or  reproduction  of 
tlie  i>arasite  is  possible  and  limited  dead  patches  or  spots  are  the 
result.  1?he  leaf-spot  disease  of  alfalfa,  the  various  leaf-spots  of 
a.x>ple  and  the  conspicuous  leaf-spot  of  the  strawberry,  the  beet, 
tlie  pea,  etc.,  will  be  recalled.  In  these  while  the  leaves  are  im- 
paired as  to  usefulness  they  do  not  perish  immediately  and  one  may 
readily  fail  to  estimate  the  injury  at  its  real  seriousness.  In  a  few 
leaf  troubles  we  have  the  spotting:  of  the  leaf  followed  by  the  for- 
mation of  a  separation  layer  in  the  leaf  tissues  between  the  para- 
sitized and  the  healthy  tissues.  This  results  in  ^'shot  holes"  in 
tlie  leaves  as  is  so  very  conspicuous  in  the  shot-hole  leaf  disease  of 
the  plum  and  less  conspicuously  so  on  certain  sour  cherry  trees. 
Tliese  leaf  troubles  are  commonly  very  evident  during:  rainy  seasons 
a^nd  are  preventable  by  spraying*  the  foliage  of  the  diseased  plants 
a.t  repeated  intervals,  thus  keeping  a  supply  of  the  fungicide  on  the 
leaves  to  arrest  renewed  spore  development. 

An  interesting  leaf-spot  disease  of  the  tomato  is  sometimes  very 
dama^flg:.  This  disease  seems  to  have  appeared  in  Ohio  during 
tlie  memory  of  many  close  observers.  Like  most  leaf-spot  troubles 
virhich  are  strictly  due  to  parasitic  fungi,  this  tomato  disease  has 
been  ivorst  in  seasons  of  abundant  rainfall.  The  same  applies  to 
tbe  shot-hole  disease  of  the  plum  and  the  allied  leaf-spot  of  cherry. 
Xhe  explanation  appears  to  lie  in  more  favorable  conditions  for 
^pore  g'ermination  and  for  the  growth  or  spread  of  the  parasitic 
orgranisms  which  produce  the  diseased  conditions.  Biting  or  sucking 
insects  also  open  the  way  for  the  entrance  of  parasitic  diseases. 
(See  later  pages.) 

LBAP  IMPAIRMENT  THROUGH  PUNQU8  COVBRINOS 

In  addition  to  the  leaf-spots  or  dead  areas  in  leaves  to  which 
reference  has  just  been  made,  we  have  most  noticeable  examples 
of  the  spread  of  the  mycelium  of  certain  powdery  mildews  over  the 
leaf  surfaces.  Casual  observers  note  that  these  spread  over  the 
leaves  and  stems  of  roses,  over  the  leaves  of  lilac,  of  oak,  of  peach, 
of  ^rape,  of  forcinghouse  cucumbers,  of  bean  and  pea  and  upon 
other  pUnts.  While  the  development  of  these  fungi  or  powdery 
milde^es  occurs  often  rather  late  in  the  season,  they  are  nevertheless 
daxxiagioir  to  the  host  plant  over  which  they  spread.  Above  and 
l>eyo]icl  the  interference  with  the  leaf  action  the  impairment  of  the 
l^otosynthetic  or  sunlight  processes  of  the  leaves  of  the  plants  by 
wliich  all  real  increase  in  substance  is  made  to  the  plants,  these 
milde^i^s  develop  sucking  or  penetrating  organs  of   the   threads  of 


Digitized  by 


Google 


314  OHIO  EXPERIMENT  STATION:  BULLETIN  214 

the  mycelium.  These  organs  called  haustoria  penetrate  the  leaf 
epidermis  and  must  do  this  for  the  purpose  of  food  extraction — ^it  is 
needless  to  add  that  all  food  extraction  from  the  plant  acts  as 
robbery. 

Furthermore,  the  mildew-covered  leaves  drop  to  the  ground  in 
&11  and  there  afford  the  fungus  the  needed  conditions  for  the 
development  of  the  resting  or  winter  stages  of  its  course  by  ^^hicb 
it  is  again  ready  to  attack  the  plants  the  following  season.  Because 
so  largely  external  in  development  these  powdery  mildew^s  are 
usually  comparatively  eas>  of  control. 

WILT  DISBASBS-SEBDLING  COLLAPSE 

The  stems  pr  branches  of  plants  may  suffer  from  localized 
attack  by  parasitic  fungi  as  well  as  from  hail,  insect  attack  and 
mechanical  agencies.  The  symptoms  which  follow  will  be  found 
characteristic.  In  certain  ones  as  in  the  clover  anthracnose  and  in 
the  fusarium  of  clover  stems,  we  have  the  lesions  accompanied  by 
discolorations  in  which  the  fungus  occupies  a  subordinate  place 
outwardly.  On  the  other  hand  the  spots  or  son'  of  the  rusts  upon 
grains  and  grasses  and  the  spots  caused  by  the  anthracnose  of 
wheat,  oats,  rye,  etc.  show  commonly  a  crowded  occupation  of  the 
area  by  the  parasitic  fungus. 

There  are  many  examples  of  the  effects  of  such  lesions. 
Fuller  discussions  will  be  found  under  the  description  of  the  par- 
ticular diseases.  The  anthracnose  of  the  bean  as  well  as  that  of 
the  pea  are  good  illustrations  where  these  attack  seedlings.  Even 
clearer  symptoms  come  out  in  potato  rosette  where  the  fungus 
parasite  at  early  stages  of  growth  may  kill  off  the  stem  attacked, 
while  in  later  attack  will  cause  such  impaired  development  of  the 
plant  that  stem  or  axial  lengthening  is  arrested  and  a  *'roeette'* 
appearance  results.  A  still  more  striking  arrest  of  stem  elongation 
takes  place  in  lettuce  rosette  wherein  the  roots  are  destroyed  so 
larsfely  by  the  fungus  in  the  soil.     (See  soil  infesting  diseases.) 

In  cankers  of  branches  upon  orchard  trees  the  final  death  of 
the  immediate  branch  is  preceded  by  a  depressed  area  invaded  by 
by  the  parasite. 

PLANT  DISBASBS  NOT  BEYOND  EXPLANATION 

The  old  mystery  attached  to  disease  prevalence  can  scarcely  be 
maintained  in  our  day.  We  have  worked  out  in  recent  years  or 
had  determined  for  us  the  causal  relations  between  the  ferment  or 
parasite  and  the  effects  upon  the  host  plant  or  crop.  So  far  as  we 
can  now  discover  the  reason  for   the   spread    of  diseases,  or  of  a 
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particular  disease,  is  found  in  the  specific  disarraniirements  in  the 
host  plants.  This  discovery  and  announcement  of  these  causal 
relations  are  undertaken  that  proper  measures  for  the  control  of 
diseases  may  be  finally  devised  and  applied.  We  must  always  bear 
in  mind  that  under  favorable  conditions  plant  diseases  become  epi- 
demic and  their  rapid  spread  is  to  be  expected. 

The  host  plant,  with  its  climatic  adaptations  and  the  parasites 
of  our  crops  with  their  mutual  adaptations  to  their  hosts  are  biolog- 
ical factors  w^hich  are  capable  of  beini;:  influenced  by  prevailini;: 
atmospheric  conditions.  With  cool,  rainy  weather  we  have  brought 
about  conditions  favorable  to  certain  parasitic  diseases  which  will  be 
inclined  to  spread  while  these  continue.  Other  diseases  spread  under 
the  conditions  which  favor  them.  The  more  rapid  development  of 
diseases  of  plants  under  these  favoring  circumstances  is  not  beyond 
reasonable  naderstanding;  there  is  no  mystery  about  it  any  more  than 
in  outbreaks  of  typhoid  fever  or  diphtheria.  By  apprehending  the 
differing  conditions  we  may  learn  to  separate  the  causal  from  the 
merely  adventitious  factors  and  thus  be  the  better  able  to  master 
the  diseases  which  result. 

While  we  may  properly  look  upon  infection  by  microscopic  or 
other  parasites  as  the  general  and  usual  cause  of  plant  diseases, 
there  are  diseases  of  wide  importance  which  arise  from  internal  or 
phymological  disarrangements  in  the  plant.  (See  Enzymatic  Dis- 
eases). In  all  cases  whether  of  parasitic  attack  or  of  physiological 
disarrangement  due  to  other  causes,  the  host  plant  is  weakened  and 
predisposed  to  death. 

GROUPS  op  PARASITIC  DI8BA8B8 

Parasitic  diseases  may  be  grouped  in  a  way,  according  to  the 
CTonps  of  fungi  which  cause  them.  This  is  helpful  to  the  plant 
patholo£rist,  though  of  limited  practical  guidance,  since  it  requires' 
microscopic  study  to  determine  the  causal  organisms.  A  more 
useful,  limited  grouping  as  is  hoped,  is  proposed  below  and  consists 
in  making-  such  groups  or  classes  of  diseases,  as  are  descriptive  of 
the  general  behavior.  Such  are  seed  infesting  diseases,  soil  infest- 
ing diseases,  root  diseases,  diseases  of  foliage,  wound  troubles, 
timber  rots,  etc.  The  great  mass  of  diseases  are  treated  under 
each  host  in  the  descriptive  portion  arranged  alphabetically.  The 
objects  to  be  attained  by  this  method  of  arrangement  are  obvious 
and  call  for  no  discussion. 

NAMING  PLANT  DI8BA8B8 

Plant  diseases  are  named  with  due  regard  to  the  symptoms  and 
cause  of  the  disease.  In  the  case  of  enzymatic  diseases  wheretu  we 
have  peculiar  variations  or  yellowing  of  the  leaves,  the  names  given 
are  more  or  less  descriptive.  The  same  applies  to  the  diseases  that 
are  caused  by  f  reering,  hail,  etc. 
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Parasitic  diseases  are   named  with  reg^ard  to  the    orgranisms 

which  cause  the  disease,  or  to  the  eflfects  they  produce  in  the  host 

parts,  that  is,  those  diseases  which  result  from  attacks  of  the  rast 

fungi,  {Uredineaae)^  are  properly  called  rusts;  also 

^  the  smutty,  dirty  conditions  resulting  from  the 

^m  §  attacks   of    the   smut    fungi,    (^Ustilagineae)^   are 

^F        JW        known  everywhere  as  smuts;  these  are  well  known 

W  IHF         and  destructive  upon  grasses  and  cereals.     Thus 

M  ^V  we  have  smuts  of  oats,  corn,  wheat,  broom  com, 

■         ^v  sorghum,  millet,  blue-grass,  etc. 

^       JB  The  anthracnoses  are  produced  by  a  definite 

^k      ^1  class    of     fungi,     {Melanconiae).     The      name 

^  ^v  anthracnose   is   applied  to  a  disease    of  a   gfiven 

^^m  host     caused    by    an    organism    of    this     group 

^m  and  the  host  name  is  usually    retained,  as    the 

■  anthracnose   of  wheat,  the  anthracnose   of    rye, 
I  the  anthracnose  of  raspberry,   wherein    the  dis- 

■  eases   are    caused    by    species  of  this  group  of 
p  parasitic  fungi.    However,  in  the  case  of  attack 

upon  the  fruit  as  in  the  anthracnose   of  apple* 
because   of    t  h  e  ^«ik 

bitter  taste  given 
to  the  fruit,  we 
have  the  popular 
name  bitter -rot; 
in  a  similar  in- 
stance, viz.,  that 
of  the  anthrac- 
nose of  the  grapeberry,  the  dis- 
colorations  of  fruit  are  so 
characteristic  that  it  is  popularly 
called  the'  birds-eye  rot.  With 
wheat,  oats,  rye,  etc,  the  name  is 
applied  because  of  the  organisms 
found.  As  stated  in  the  preceding 
pages,  we  describe  most  leaf 
infesting  diseases  with  regard  to  the 

effects  the  parasites  have  upon  the  host;  thus  we  have  the  leaf-spot  dis- 
ease resulting  from  attacks  of  any  one  of  a  number  of  fungi,  chiefly^ 
however,  belonging  to  the  imperfect  forms.  The  shot-hole  fung-os 
of  the  plum  is  a  good  illustration  of  the  naming  of  a  trouble  from 
the  symptoms  produced. 

A  considerable  group  of  diseases  are  known  as  downy  mildews. 
Among  these  we  have  the  destructive  potato  late  blight  and  rot, 
Phytoi>hthora\  also  the  cucumber  disease,  Plasmopara^  as  well  as  the 


Plff.  S.  Head  or  pan- 
icle of  oats  destroyed 
by  loose  smut.  All  the 
oat  kernels  and  many 
of  their  surroundingr 
parts  have  been  con- 
verted into  black*  sooty 
(smutty)  masses  by  the 
loose     smut    fundus. 


Flff.  S.  Section  throueh  an  ant 
spot  {aetrvulus)  of  the  cucumber  i 
funffus  [Coileiotricktim  lagtnarium)  alxowiiic 
the  long:,  dark  hairs  f^O  of  whose  office  we 
know  little,  the  spore  bearingr  branches  {fitrttU 
hypha*)  and  the  spores  of  this  fun£ua.  The 
members  of  that  division  of  the  commoner 
anthracnoses  having  setae  in  the  aoervuU  aie 
referred  to  the  grenus  CoUetotrickanm^  ^vliile 
similar  ones  without  setae  bear  the  cenita 
names  GloeosporMm,  Spkactlcma^  etc  (See 
anthracnoses  of  apple,  srape,  lertuce«  Tirhc  eu 
oats,  etc). 
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CT^-ppe  downy  mildew  aad  the  common  white  molds  of  the  mnstard 
family.  The  powdery  mildews  by  reason  of  the  appearance  upon 
tbe  s^urface  of  parts  attacked,  are  descriptively  named  ^'mildews." 
A.  definite  system  has  been  followed  in  most  cases  of  naming:  plant 
diseases  and  I  trust  the  results  will  not  be  altogether  disappointing^ 
The  differences  between  the  species  of  parasitic  or  other  fungi 
a.re  as  strongly  marked  as  those  of  higher  plants,  even  though 
microscopic  examination  is  necessary  to  distinguish  these  char*^ 
acters;  it  shows,  therefore,  that  a  discriminative  system  of  naming 
diseases  has  a  secure  foundation. 

THE  PLANT  OR  HOST  IN  RBLATION  TO  DISBA8B 

As  stated  elsewhere  only  closely  related  plants  are  usually 
subject  to  attack  by  a  para- 
sitic organism,  thus  it  hap- 
pens that  the  tomato  as 
iTirell  as  the  potato  plants 
are  attacked  by  the  downy 
milde^vorlate  blight  fungus 
of  the  potato.  In  general 
tlie  true  parasites  among 
oar  fungi  are  limited  to  a 
ratber  narrow  range  of  host 
plants;  thus  we  may  expect 
the  potato  Phytophthora  to 
attack  several  plants  of  the 
potato  family  {Solanaceae). 
The  writer  proved  this  same 
^veas  true  of  the  attacks  of 
dowmy  milAtwiPlastnopard) 
tipon  a  number  of  species 
belonging  to  the  cucumber 
family  ( Curcurbitaceae). 
Since  our  cereal  grains 
belong  to  the  same  great 
family  as  the  grasses  (  Gram- 
ineize)^  we  expect,  and  find 
that  there  is  a  development 
of  the  same  diseases  upon 
many  of  them  and  upon  the 

grasses  growing  nearby.   In  this  connection  it  must  be  remembered 
that  clover  and  alfalfa  are  not  grasses,  but  legumes. 

The  leaves  of  the  host  plant  provided  as  they  are  with  stomates 
or  breathing  pores,  minute  openings  through  the  epidermal  cover- 
ing of.  the  leaf,  vnll  be  attacked  through  these  openings*  The  spores 


Plff.4.  Apordoo  of  the  epidermis  from  the  upper 
of  •  cucumber  leaf,  ebowinff  tlie  breettainff  pone 
{jtUmai€M)  surrounded  by  ruerd  cells  containing  cbloro* 
pbFU  crslns,  much  msgnifled.  Tbese  guaxd  cells,  wbich 
control  tbe  opening  and  dosing  of  tbe  stomatee,  are  tbe 
only  epidermal  cells  tbat  contain  this  green  subetance» 
the  others  being  eolorl<ss. 
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of  parasitic  fungi   after  germinating  upon  the  leaf  will  likely  gain 
entrance  into  the  interior  leaf  tissues  through  these  openings  much 
more  readily  than  by  actual  boring  through  the  leaf  epidermis. 
The  illustration,  Fig.  4,  shows  how  these  openings  are  distributed 
in  the  epidermis  of  a  cucumber  leaf.    These  stomates  are  present  in 
the  leaf  covering  upon  the  outside  of  all  green  leaves  and  in  the 
epidermis  of  young  growing  shoots.    In  addition  to  these  stomates 
certain  classes  of  plants  such  as  the  plants  of 
the   mustard   family   iCruciferae)^   as  cabbage, 
cauliflower,  turnip,  also  the  grape,  fuchsia,  impat- 
iens,  etc.,  are  provided  with  water  pores — mar- 
ginal openings  through  which  the  excess  water 
of  the  plants  is  excreted.    These  water  solutions 
of  various  materials  offer  a  means  of  growth  for 
organisms,    especially    of  the    minuter   forms. 
From  the  culture  drops   thus  formed  the  para- 
site enters  the  leaf  by  the  v^rater  pores.     One  of 
the  most  destructive  known  diseases  of  plants  is 
the  black-rot  of  cabbage,    cauliflower,   turnip, 
ruta-baga,  etc.  This  is  due  to  a  bacterium  which 
gains  entrance  very  largely   through  the  water 
pores  just  described.    So  we  must  bear  in  mind 
that  the  very  avenues  of  transpiration  or  excre- 
tion, so  essential  to  plant  growth,  are  madeameans 
of  exposing  the  plant  to  the  danger  of  parasitic  in- 
vasion.    This  is  analogous  to  the  exposure  of 
human  subject  to   diseases  of  the  respiratory 
organs.    At  every  turn  we  find   convincing  evi- 
dences of  the  mutual  adaptation  of  parasitic  fungi 
to  their  host  plants,  in  nothing  more  strongly 
marked  than  in  the  limitation  of  the  species  of 
plants  attacked  by  a  given  parasite  as  discussed 
in  the  beginning  of  this  paragraph.  In  view  of  the 
fact  that  so  long  as  the  leaves  of  a  plant  continue 
to  function  as  leaves,  these  natural  openings  will 
be   maintained,   it   will  be  seen  that  the  risk  of  exterior  infection 
from  parasitic  fungi  is  continuous  for  any  given  plant;  it  lasts  for  its 
whole  growing  period. 

THB  PLANTS  PROTECTION  AGAINST  PARASITES 

In  the  case  of  woody  growths  we  have  the  development  of  corky 
epidermis  or  bark  which  seems  primarily  designed  to  protect  the 
interior,   living  layer  from  invasions  of  this    sort.    In  a  similar 


Piff.5.  MwBincrfcab- 
bace  toitf  Bhowingr  excretsd 
water  from  water  porea 
mlxttt  cool  nigrht.  Theae 
drope  contain  enough  food 
for  tbe  growth  of  the  black 
rot  bacteria.  Tbe  motile 
forma  may  awim  through 
tbe  water  porea  into  leaf 
from  auch  drope.  Dead 
marginal  areaa  on  lower 
fragment  ahow  reaulta  of 
thia  bacterial  infection. 
(After  Smith). 
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manner  the  external  layer  or  bark  of  all  lirrowing:  plants,  including 
herbs,  is  provided  with  a  protective  covering  or  epidermis.  The 
skin  of  the  apple  or  of  the  grape  and  the  covering  of  the  potato  stem 
are  all  familiar  and  serve  this  function  of  protection  to  the  inner 
tissues.  In  young  plants  there  is  retained  the  power  of  protective 
growth  in  response  or  resistance  to  parasitic  attack;  thus  it  happens 
that  the  potato  scab  organism  induces  the  growth  of  cork  cells  on 
the  outside  of  the  potato  and  makes  a  roughness.  The  roughness  i» 
is  not  the  scab  fungus  but  the  corky  growth  of  the  tubers  in 
response  to  the  scab  attack.  In  a  similar  manner  the  attack  of  the 
scab  fungus  upon  the  apple  results  in  the  roughening  of  the  apple 
skin  through  the  development  of  more  protective  or  wound  cork. 
The  most  remarkable  example  of  this  multiplication  of  protecting  or 
outer  cells  in  response  to  the  attacks  of  parasitic  fungi  is  found  in 
'*leaf-curr'  of  the  peach  and  in  the  pockets  or  "bladders"  of  the  plum, 
where  we  have  such  a  rapid  multiplication  of  cells  in  response  to  the 
stimulus  of  the  fungus  as  to  bring  about  an  entire  transformation 
in  the  form  and  structure  of  the  parts.  While  we  may  think  of  this 
abnormal  development  as  the  result  of  fungous  growth,  it  is  only 
indirectly  so.  It  is  in  fact  a  response  of  the  host  to  the  stimulus  of 
the  invading  fungus.  The  nature  of  the  stimulus  or  excitation 
exerted  by  particular  parasitic  fungi  is  a  highly  interesting  subject 
for  investigation. 

DISBASB  RESISTANCE  IN  PLANTS 

Disease  resistance  and  disease  susceptibility  are  as  yet  imper- 
fectly understood .  The  cause  of  the  inherent  differences  in  the 
tendency  of  this  or  that  variety  to  suffer,  as  with  the  leaf-curl 
in  the  Elberta  variety  of  peach,  the  apple  scab  predisposition 
in  White  Pippin,  Winesap  and  others,  may  become  in 
practice,  varietal  weaknesses.  Tet  such  is  the  commercial  super* 
iority  of  some  such  varieties  that  they  increase  in  public  favor 
despite  these  weaknesses.  The  great  differences  among  varieties  of 
fruit  in  susceptibility  to  the  diseases  which  prevail  under  certain 
conditions,  is  a  matter  of  observation  and  experience.  From  the 
difficulties  involved  in  breeding  a  less  susceptible  or  more  resistant 
type  of  tree  fruit  belonging  to  any  commercial  variety,  increased 
resistance  is  not  yet  within  reach.  This  applies  to  established  varie-^ 
ties  and  yet  leaves  the  field  open  for  new  sports  to  be  discovered  or 
for  its  occupation  by  less  desirable  sorts  which  do  not  suffer  sa 
severely  from  disease.  This  actually  happens  in  the  growing  of  pears 
outside  of  certain  favored  districts;  owing  to  the  ravages  of  fire 
blight,  a  bacterial  disease,  the  ordinary  grower  selects  less  popular 
but  more  resistant  varieties  for  culture. 
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In  the  study  of  disease  susceptibility  it  has  been  shown  that 
other  features  being  the  same,  the  percentage  of  water  is  an  index: 
thus,  parts  having  the  higher  water  content  are  attacked  more  read- 
ily than  those  with  lower  water  content. 

With  annual  plants  or  those  reproduced  each  year  by  tubers  or 
seed,  the  opportunities  to  breed  resistant  strains  are  extremely  good 
and  the  results  obtained  are  highly  promising.  Physiological  weak- 
ness in  plants  may  often  be  translated  in  terms  of  disease  suscept- 
ibility; this  holds  with  emphasis  in  vegetables  and  grains.  Apparent 
physiological  vigor  may  arise  from  various  causes,  and  when 
expressed  in  terms  of  more  rapid  growth  or  higher  water  content 
or  succulence  of  the  parts  may  be  indeed  a  source  of  weakness  in  the 
midst  of  disease.  Selections  made  for  the  purpose  of  securing- 
resistance  to  disease  are  made  under  conditions  of  disease  -prevalence 
with  highest  promise.  This  field  of  breeding  for  disease  resistance 
is  one  of  fruitful  promise. 

Studies  in  this  line  have  been  made  by  the  Horticultural  Depart- 
ment of  the  Station  in  respect  to  resistance  of  potato  plants  to  the ' 
early  blight  disease.  By  selection  of  hills  that  withstood  early 
blight  attack  and  planting  tubers  therefrom  and  subsequent  repeti- 
tion of  this  work  (See  Bulletin  174)  early  blight  resistant  strains 
were  secured.  The  differences  between  these  strains  and  non-se- 
lected tubers  in  1908  during  the  marked  prevalence  of  early  blight 
was  very  striking  and  clearly  showed  that  a  tangible  resistance 
capable  of  reproduction  has  been  secured.  Owing  to  the  wide  extent 
of  this  field  with  vegetables  and  grains,  much  may  properly  be 
expected  from  breeding  for  disease  resistance  in  the  future.  Much 
progress  has  been  made  with  cotton  resistant  to  wilt  and  with  musk 
melons  resistant  to  leaf  blight.  For  the  present  other  remedial 
measures  will  also  need  to  be  pushed. 

CONCBRNINQ  PARASITIC  FUNQI 

A  fungus  (plural,  fungi)  is  a  plant,  a  member  of  the  class  called 
fungi.  The  fungi  are  low  in  the  scale  of  plant  life,  being  classed 
with  the  algae  and  other  similar  plant  forms.  They  are  lower  still 
in  the  life  scale  than  the  mosses  and  liverworts;  above  the  mosses 
come  the  fern-plants,  and  above  these  the  seed  plants,  such  as  grasses 
ip-ains,  clovers,  trees,  shrubs,  herbs  and  the  like,  with  which  'we 
come  in  contact  every  day.  The  fungi  are  distinguished  from  higher 
plants  as  well  as  from  their  nearer  relatives,  the  algae,  by  the  absence 
-of  green  color,  and  for  that  reason,  we  may  assume,  by  the  lack  of 
2>ower  to  prepare  their  own  food  from  the  mineral  substances  dis- 
solved in  water,  and  from  the  gases  contained  in  the  atmosphere. 
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Serein  tbey  are  marked  off  from  most  groups  of  plants:  the  iungi 
must  live  upon  the  substance  of  living:  or  dead  plants  or  animals.  If 
they  ever  possessed  the  power  of  utilizing  the  same  foods  as  most 
other  plants,  this  ability  has  been  lost.  Parasitism  is  usually  taken 
to  indicate  degeneracy  in  character.  One  way  of  regarding  the 
fungri  is  as  algae  without  chlorophyll,  to  which  the  latter  owe  their 
grreen  color.  As  above  stated,  the  fungi  are,  in  the  absence  of 
chlorophyll,  forced  to  live  upon  the  dead  remains  of  plants  or 
animals,  or  to  prey  upon  the  living  organisms. 

CLASSBS  OP  FUNGI 

Sucli  fungi  as  subsist  upon  living  plants  or  animals  are  called 
parasitic    fungi.    A  parasite  is  one  who  eats  at  another's  table  and 
the  adjective  ^'parasitic"  comes  from  this  word,  parasite.    It  is  the 
parasitic  fungi  especially  of  which  we  must  learn,  since  this  class 
produce  diseases  when  they  attack  other  plants.   The  plant  attacked 
is     tbe     "host*'    plant, 
liowever  unwilling  the 
entertainment    of    the 
sycophant. 

M^ost  fungi  are  very 
minute  in  size  and 
t-equire  the  use  of  a 
microscope  to  study 
tbeir  parts;  certain 
ones,  however,  such  as 
the  mold  upon  bread 
or  otlier  foods,  may  be 
seen  very  easily  to 
consist  of  fine,  thread- 

4Vi       •    ♦  ^^*  ^*    Mycelium  of  tbe  common   mold  {Mttcor  MuctJo)* 

like  gXOWtns   mterWOV-  prom  the  spore  lying:  near  the  middle  of  the  figure,  and  strongly 

^fl  tOfifether,       and  swollen,  one  sees  the  thick  threads  of  tbe  mycelium  arise;  these 

•  tH-    *  A  ^^  ^"^  become  richly  branched.    Thert  are  no  divisions  in  the 

bearing"    certain  round-  myceUum.    Fromthelevelofthe  myceUum  arise  three  vertical 

^^       pa.rtS     upon      erect  fertile  hypae,  a,  b,  c,  of  which  a  is  still  very  young:  and  that  at  ^ 

.  Q^  ..  isalreadyproducini:asporanffium  containing:  many  spores.    All 

br^^nCneS.       OOme     laea  hiirWymacnified.    (After  ZopI,  from  Reinlce). 

o  f      fungus  -  structure 

niay  l>e  obtained  by  studying  these  common  molds;  that  on  a  dis- 
carded melon  rind  will  shows  the  parts  above  described,  and  by  the 
tise  of  a  microscope  we  may  learn  that  the  rounded,  ball-like  enlarge- 
ments just  mentioned  consist  chiefly  of  small  bodies  that  are 
capable  of  growing  into  other  fungus-threads.  (Fig.  6).  Such  min- 
ute parts  capable  of  germinating  and  again  producing  the  fungus 
a.re  called  spores.    Most  spores  are  very  minute  and  are  not  heavier 
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than  the  other  dust   particles  carried  by  the  wind.    The  spores  ot 
fungi  are  the  means  by  which  these  are  most  commonly  reproducedt 

somewhat  after  the 
manner  that  the 
higfher  plants  about 
us  are  reproduced 
by  their  seeds. 

While  we  have 
cited  the  bread  mold 
as  a  good  illustration 
to  show  the  stmc^ 
ture  of  a  fungns,  it 
is  not  a  parasitic 
fungus;  a  mold  or 
like    growth    which 

Piff.  7.  7a.  A  portion  of  leaf  of  pea  •howingr  breathingr  pores  and 
paraaitixed  by  powdery  mildew;  the  horizontal  threads  [sttriU  kypkae) 
and  summer  spore  bearing  parts  of  the  mildew  fundus  [feriiU kypkae) 
■re  distinctly  shown.  In  these  latter  the  septa  are  evidenL  1  K  K 
ipore  sac  {fucus)  of  the  same  fundus.  4,  S,  6,  show  the  sucking: 
OTfans  Kkauttoria)  of  the  sterile  hypae  of  this  fundus;  these  penetrate 
the  epidermis  of  the  leaf.  10  shows  the  spores  of  the  rose  mildew 
germinatinff.    All  highly  magnified.    (After  Tulasne). 

Note— The  stomate  in  forerround  is  distorted.    See  Pig.  2. 

lives  Upon  decaying  material  is  called  a  sapro- 
phytic fungus.  To  this  same  belong  the  mush- 
rooms or  toadstools  that  may  be  found  in 
manure  piles,  in  the  woods  and  in  orchards;  the 
fact  that  we  find  them  in  such  places  shows  that 
there  is  decaying  organic  substance  at  (hat 
point,  upon  which  these  plants  may  subsist.  A 
like  condition  is  found  in  the  shelf-fungi  on  old 
logs  and  stumps,  on  the  under  surface  of  which 
we  may  write  our  names.  Yet  if  we  will  use  a 
hand  lens  we  may  often  discover  this  under 
surface  to  be  but  a  network  filled  with  small 
openings  or  pores  from  which  the  spores  of  the 
fungus  will  in  time  escape.  In  like  measure  the 
spores  of  mushrooms  are  found  in  similar  canals 
or  upon  the  sides  of  the  gills  beneath  the  cap  of 
this  sort  of  fungus.  The  bacteria,  or  fission 
fungii  are  one-celled  plants  multiplying  by  divi- 
sion and  by  spore  production;  with  bacteria  evident  mycelium  is 
lacking  and  they  are  structurally  lower  in  the  scale  of  plant  life  than 
fungi  provided  with  a  mycelium.  Bacteria  are  both  parasitic  and 
saprophytic.    But  to  return  to  parasitic  fungi: 


Pig.  8.  PMtUe  hyplMe 
{comdiophor*9)  of  the 
downy  mildew  fiancns  oa 
Cardamnu,  a  moatavd  pro- 
truding  from  aatooutts;  the 
one  shown  in  f  oU»  bearlnc 
spores  at  the  end  oi  its 
branches.  Hlctdir  magni- 
fied. Very  similar  to  this 
are  the  downy  mUdewaol 
grape,   cucamber* 


ZopO. 
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PARTICULAR  PACTS  ABOUT  PARASITIC  PUNQI 

Lrike  the  bread  mold,  or  the  other  fungfi  just  mentioned,  parasitic 
f xincri  consist  of  a  growth  of  threads  or  hyphae  (singular,  hypha) 
^^liicli  do  the  necessary  work  of  getting  food  for  the  parasite;  these 
also  in  due  time  give  out  certain  branches  destined  to  bear  spores, 
some^rhat  after  the  manner  that  the  pear  tree  has  flower  clusters, 
or  the  i^heat  plant  forms  its  dense  spike  of  bloom,  both  of  which  are 
especially  designed  to  produce  seeds  from  which  wheat  plant  and 
pear  tree  may  in  turn  be  grown.  The  essential  parts  of  a  parasitic 
f  ungr^us  are  these  threads,  or  hyphae,  and  the  spores  produced  by 
tlieiii.  The  hyphae  of  the  fungus  taken  collectively  are  called  the 
mycelium,  v/hich  consists  of  threads  that  produce  no  spores  (sterile 
hyphae)  and  of  those  destined  for  spore  production  (fertile  hyphae. 
(Figrrirc  7).  It  is  to  the  food  getting  qualities  of  the  hyphae  that  the 
fungus  owes  its  continual  existence,  and  they  in  turn  arise  from  a 
spore  or  directly  by  the  growth  of  some  fragment  of  fungus-thread, 
as  the  Carolina  poplar  may  be  grown  from  a  cutting.  Yet,  while  all 
parasitic  fungi  are  made  up  of  these  few  parts,  the  differences  in 
form  and  apparent  structure  among  the  several  groups  are  very 
marked;  differences  exist  as  to  the  thickness  of  the  hyphae  whether 
or  not  the  threads  are  divided  into  separate  cells  by  divisions  like 
those  at  the  joints  of  a  bamboo  rod,  as  well  as  in  the  manner  of  spore 
formation  and  in  the  size,  color,  form  markings  and  structure  of  the 
spores  themselves.  It  is  almost  hopeless  to  undertake  to  illustrate 
types  of  spore  production  and  spore  forms,  since  these  are  so  varied 
and  may  differ  so  much  at  different  stages  of  the  development  of  a 
singrle  given  species  of  fungus,  yet  we  may  cite  a  few  examples: 


FUr.  9.  Sbowingr  tbe  conunon  rost  of  oats  and  rye.  At  ^  a  small  fragment  ox  rye  leaf  witb 
!  oranee«red,  rust  sori  brealdiiff  through  the  epidermis:  these  are  of  ttie  earlier  summar 
%{Urtde)  or  red  rust  of  popular  speech.  At  ^  a  small  fraement  of  a  rye  leaf  with  several 
black,  rust  sori,  elongated  in  form,  brealdnff  through  tbe  external  covering:  these  are  of  the  later 
sammer  or  winter  spores  (TtUuiospores),  A  and  B  slightly  magnified.  At  C  section  through 
ttse  nxvdosorus  of  -^l;  on  tbe  slender  stalks  {btuidia)  the  rough  one-celled  uredo  sporaB,  and 
belegeen  them  a  young,  two-celled  teleutospore,  which  later  alone  form  the  sorus.  *, «» epi- 
dcniMl  cells:/,  /,  cells  of  the  leaf  interior  through  which  runs  the  mycelium  of  the  fungus .  At 
I>  ^  teleutospore  from  the  Mack  sorus  of  ^;  this  is  divided  by  a  septum  into  two  cells.  Similar 
«r"rfo8paves  are  found  in  most  rusts:  similar  teleutoepores  occur  in  com  rust,  wheat  rust,  etc., 
9^  la  ttaeepores  of  tbe  cedar  apple  fungus.  C  and  D  considerably  magnified.  (After  ZodL 
^wnFrask). 


Digitized  by 


Google 


524  OHIO  EXPERIMENT  STATION:  BULLETIN  2U 

Fungus  spores  may  be  produced  as  sinii:le  spores  or  in  naked 
clusters  attached  to  certain  branches.  We  find  this  sort  in  the 
downy  mildew  of  the  cucumber  and  its  relative  the  peronospora  of 
mustards  (Fig.  8);  in  potato  early  blight;  in  fruit  rot  of  plum,  cherry, 
peach,  etc.,  and  later  in  the  spores  of  apple  scab.  They  may  also  be 
found  in  dense  clusters  breaking  through  the  skin  of  the  plant  like 
the  many  tubers  of  a  potato  breaking  through  the  earth-crust;  such 
without  further  conspicuous  covering  are  found  in  the  rust  spots, 
in  the  anthracnoses  and  the  like.  (Figs.  3  and  9).  These  dense  clusters 
may  arise  beneath  a  special  covering  resembling  nothing  so  much  as 
the  traditional  beehive,  but  are  usually  ejected  forcibly  from  a 
specially  provided  opening  at  the  top  of  the  cone  or  half-ball.  (Fig. 
10).    A  yet  more  interesting  class  is  that  in  which  the  spores  are 

packed    so    many  to  a  sac 

(usually  eight)  and  a  large 

<  number  of  these    crowded 

into  a  ball-like,  hollow  spore- 
case,  such  as  we  find  in 
black-knot,  strawberry  leaf- 
spot,  the  powdery  mildews 
Fiirio.  c.  .pore ci«c(^.i./^/«j»)  of. beet  icaf-«^     and  in  some Other  instances. 

fun  ffus  iPAoma)  seen  from  above  and  sho wm  g  the  slender, 

flexuous  mass  of  spores,  ejected  from  the  pycnidium.    ^       (Fig.   11).      There  IS  yet  an- 

■ection  of  a  pycnidium.  seated  in  the  leaf  tissues  and  filled       other      SOrt     in     which      the 

with  spores,    c,  a  ^roup  of  the  spores.    All  tdgbly  maff- 

■ified.    (After  AUescher from  Delacroix).  SpOre     SaCS     are     abundant 

near  the  surface  of  the  dis- 
eased part,  as  in  leaf-curl  of  the  peach,  where  the  maturity  of  the 
fungus  is  shown  by  the  change  in  color  of  the  afifected  leaf  surfaces. 
Other  gradations  will  be  found  as  one  proceeds  in  this  study. 

THB  SURVIVAL  OP  PARASITIC  PUNGI 

Further,  respecting  parasitic  fungi  we  must  realize  that  they 
are  all  derived  by  specific  processes  of  reproduction  peculiar  to  the 
fungus  in  question;  in  other  words  spontaneous  generation  does  not 
find  support  among  the  students  of  plant  diseases. 

The  presence  of  any  given  fungus  leads  us  at  once  to  infer  the 
previous  existence,  somewhere  within  reach,  of  a  fungus  of  like 
species  from  which  this  one  was  derived  by  definite  methods  of 
reproduction.  Likewise,  the  destructive  prevalence  of  a  parasitic 
fungus  in  any  given  time  and  at  any  given  place,  assures  us  of  the 
necessary  supply  of  spores  to  start  the  trouble  again  under  favorable 
conditions.  In  fact,  all  our  study  leads  us  to  look  through  mere 
phenomena,  mere  evidences  of  disease,  to  find  the  specific  parasitic 
growth  which  causes  them  and  the  favoring  conditions  under  which 
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these  develop.  The  spores  of  fungi  serve  for  them  the  same  purpose 
as  do  the  seeds  in  hightT  plants;  by  reason  of  the  extreme  smallness 
of  the  spores  they  are  easily  transported  by  the  wind  and  become 
deposited  like  dust  particles  upon  exposed  surfaces.  Certain  resting* 
spores  survive  on  the  fallen  leaves  or  other  parts  and  will  be 
destroyed  if  these  parts  are  burned.  (See  black-knot).  The  survival 
of  organisms  capable  of  infecting  the  new  crop  is  certainly  to  be 
expected  in  plant  diseases  as  in  epidemic  disorders  among  people. 

Some  fungi  which  produce  disease  survive  by  their  thread-like 
parts  (jnycelium)  in  a  manner  similar  to  the  survival  of  Canada  thistle 
quack-grass  and  the  mints  among  troublesome  weeds  by  their  visible 
underground  stems.  A  good  illustration  of  this  form  of  survival  is 
found  in  the  case  of  potato  rosette;  in  this  disease  the  masses  of 
mycelium  {sclerotid)  remain  upon  the  surface  of  the  potato  tubers 
and  unless  destroyed  by  treatment  of  the  seed  will  be  ready  for 
immediate  attack  upon  the  growing  plants  (sprouts),  even  before 
these  have  reached  the  outer  air  and  taken  on  a  green  color. 

Similar  survival  may  occur  in  cultivated  soils,  especially  where 
the  same  or  closely  allied  crops  are  grown  in  succession.  Thus  the 
same  fungus  as  that  of  the  potato  disease  first  named,  survives  in 
greenhouse  soils  or  in  celery  soils  outdoors. 

RBSTINO  FORMS  AMONG  PUNQI 

The  active  parasitic  phases  of  fungi  necessarily  coincide  with 
tbe  activity  of  the  host  plants;  it,  therefore,  follows  in  our  temp- 
erate climates  with  alternating  periods  of  activity  and  rest  of 
growth  and  practical  somnolence,  that  the  parasites  require  to  be 
mutually  adapted  to  intermittent  activity.  Some  spores  will  survive 
the  brief  rest  period  between  harvest  and  seed  time,  as  in  a  number 
of  the  various  grain  smuts  and  in  grain  anthracnoses.  Here  they  are 
found  simply  adherent  to  the  seed  grain. 

Seed  infesting  parasites  like  the  loose  smut  of  wheat,  the 
anthracnose  of  pea  and  bean,  and  a  variety  of  other  vigorous  species 
survive  as  resting  mycelium,  which  remains  virtually  inactive  so 
long:  as  the  parasitized  seed  is  not  exposed  to  conditions  of  moisture 
and  temperature  such  as  bring  about  germination. 

There  are  endless  gradations  between  these  instances  of  "rest- 
ing" mycelium  and  the  protected  fruit  cases  of  the  higher  type  of 
fungi.  Thus  the  perithecia  or  closed  fruit  bodies  of  the  wheat  scab 
fungus,  develop  shortly  after  harvest  upon  the  infected  glumes  or 
culms  of  wheat,  and  may  be  observed  by  the  unaided  eye,  as  black 
bodies  seated  upon  the  pink  mass  of  the  summer  form.  These  fruit 
bodies  ^  this  case  are  the  kind  called  "perithecia,"  which  contain 
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within  them  spore-sacs  of  a  nearly  fixed  number  and  each  sac  cofi!- 
tains  a  fixed  number  of  spores  of  definite  form  for  each  species.  A 
gfreat  many  fungi  develop  these  "housed"  or  protected  forms 
during:  the  dormant  period,  and  indeed,  spore  development  may 
proceed  in  the  periods  of  lower  temperature. 

With  the  perithecial  or  sporehouse  form  of  wheat  scab,  (^Gibber- 
ella)^  the » spore  sacs  are  formed  during:  the  later  summer,  in  our 
latitude,  and  these  spore  sacs  disappear  before  midwinter.  For  each 
g:enus  or  species  under  study,  peculiar  time  relations  of  development 
may  be  discovered.  The  perithecial  or  spore  sac  ^acsigerous)  form 
just  described,  or  some  comparable  development  of  the  spores  under 

a  definite  cover-form, 
is  viewed  as  a  more  or 
less  ultimate  stagre  in 
the  development  of  the 
hig:her  f  u  n  g:  i  —  the 
summit  in  the  cycle  of 
their  development. 

The  rot  of  stone 
fruits,  such  as  peach, 
plum,  cherry  and  the 
like,  is  commonly 
known    only    in     its 

PiK.  11.    Section  through  a  8poi«  case  {pertthecium),    late  COnidial        development 

winter  stace   of  black-knot  fundus,  sbowingr  spore  sacs  (ascf^  Called  Bottytis,  ReCent- 

within.    Beside  it,  three  asci  containing  winter  spores  or  aaco-  «       -^       .           K    c    #1  *       /% 

spores,  elgrht  in  each  sac,  arranged  in  a  definite  manner.    Along:  ^^    -WOrtOn    OaS    aiSCOV- 

with  these  are  thread-like  hyphae  known  as  paraphyses  ered  the   SclCTOtinifl  Or 

ascigerous  stage  devel- 
oped from  the  mummy  fruits  in  which  the  fungus  lay  dormant  for  a 
time  awaiting  spring  or  summer  conditions. 

The  bitter-rot  of  apple  and  its  cycle  of  development  not  long- 
since  brought  to  light  in  Illinois,  also  shows  the  relation  of  the  apple 
mummies,  decayed  by  attacks  of  this  anthracnose,  to  its  survival. 
The  fungus  lives  over  in  the  old  rotted  fruits,  acted  upon  by  bitter- 
rot  alone,  which  hang  upon  the  trees.  The  fungus  may  also  survive 
in  branch  cankers  upon  the  tree  adjacent  to  mummies  of  the  bitter- 
rot.  In  these  branch  cankers  the  spore  sac  or  perithecial  stag'e  of 
the  fungus  is  developed.  Upon  the  coming  of  v^rarm  showery 
weather  about  early  June,  new  spores  are  produced  from  either 
mummies  or  cankers  and  new  infection  may  occur  upon  the  new 
fruits.  The  problem  of  the  control  of  this  disease,  therefore  involves 
a  knowledge  of  its  manner  of  survival. 
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ALTERNATION  OP  HOSTS  IN  FUNGUS  SURVIVAL 

This  relation  of  alternating  forms  in  the  life  cycle  of  a  given 
parasitic  si>ecies,  to  its  survival,  has  been  mentioned  in  wheat  scab 
wherein  we  have  the  Fusarium  or  pink  mold  and  the  Gibbetella 
forms;  in  rot  of  stone  fruit  where  we  find  Botrytis  and  Sclerotmia 
forms,  and  in  apple  anthracnose  or  bitter-rot  where  we  discover  the 
Gloeosforium  followed  by  the  Glomorella  ascospores.  In  these 
instances  there  seems  no  real  need  for  the  advent  of  a«^/A^r  ^s/ 
-plant.  In  other  groups  of  fungi,  notably  among  the  Uredinece  or 
rusts,  we  discover  in  certain  species,  that  survival  is  accompanied 
by  a  necessary  change  of  host  plant.  The  apple  rust  is  known  in 
summer  to  attack  the  leaves  and  fruit  of  apple,  thorn  apple 
{Crataeg-us^j  june-berry  and  mountain  ash.  This  is  the  aecidial  or 
cluster-cup  stage  of  the  apple  rust  and  has  its  counterpart  in  the 
aecidiospores  or  cluster-cups  of  the  wheat  rust  upon  barberry  as 
well.  With  apple  rust  we  climb  far  on  the  plant  ladder  and  find  the 
teleutospores  of  rust  survive  upon  the  cedar  trees  as  branch  enlarge- 
ments called  cedar  apples  {Gymnosporangium).  The  dry  looking 
apples  upon  the  cedar  trees  take  on  a  new  form  during  spring 
showers  when  they  become  great,  jelly-like  masses  which  emit  the 
teleutospores  of  the  rust,  to  be  carried  to  apple,  juneberry  and 
Crataegus  leaves  by  whatever  agency  is  available. 

The  relation  of  cedar  trees  to  the  prevalence  of  apple  rust  is  a 
practical  matter  for  each  orchardist.  It  may  be  better  to  make 
firewood  of  the  cedar  trees  than  to  combat  the  apple  rust  in  his 
orchards.  A  similar  problem  as  between  the  barberry  hedges 
which  adorn  rural  England,  and  the  virulence  of  wheat  rust  in  their 
grain  fields,  may  also  be  raised.  With  us  we  have  plenty  of  grain 
rust  in  the  absence  of  barberry  hedges.  An  adaptive  form  of 
survival  apparently  takes  the  place  of  the  alternating  hosts,  and  we 
still  have  the  wheat  rust. 

The  instances  given  are  simply  illustrative  and  the  student  of 
plant  pathology  will  discover  many  more  in  the  course  of  his  study. 
Likewise  a  careful  perusal  of  the  special  part  of  this  bulletin  will 
show  other  instances  of  survival  under  many  various  and  instructive 
conditions. 

HOW  THBSB  PARASITES  ROB  THE  HOSTS 

There  is  an  old  saying  about  the  stable  door  and  the  stolen 
horse;  similar  application  may  be  made  for  plants  and  parasitic  fungi 
in  a  manner  which  we  shall  presently  perceive.  To  obtain .  food  we 
must  reach  the  source  of  supply;  the  manner  of  reaching  it  is  less 
important  than  the  result.    Now  it  occurs  that  cultivated  and  wild 
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plants  of  the  higher  classes  are  wrdpped  about  by  a  covering'  of  skin 
or  bark,  and  the  food-filled  juices  are  within;  to  fead  upon  any  living: 
host  the  parasite  must  gain  access  to  the  internal  tissues  of  that 
host.  It  so  happens  that  there  are  minute  openings  or  stomates 
(breathing  pores)  through  the  skin  of  leaves  and  of  young  green 
stems;  these  openings  are  as  necessary  as  the  stable  door,  and 
through  them  the  thief  may  enter.  (See  Fig  4).  Were  these  open<- 
ings  to  become  entirely  closed  the  plant  would  languish,  and  remain- 
ing open,  they  constantly  offer  a  way  for  the  tender  tip  of  the 
growing  germ  thread  of  a  fungus  to  push  its  way  through  the  plant 
covering  and  to  luxuriate  within  the  host  upon,  the  substance  of  the 
plant.    Once  within,   the   fungus    thrives,    rapidly    multiplies   its 

branches,  and  if  in  summer,  commonly 

thrusts   its    fertile   threads    through 

some  of  these  breathing  pores  to  bear 

its  spores  outside    where  they  may 

become  more  widely  distributed  than 

if  remaining  within  the  tissues  of  the 

host    plant.      Should,    however,    the 

Figr.  12.  Haustoriaof  the  fungus  of  the     winter  seasou  be  near,'  resting  spores 

^':r  T:^':LrJt^l  :tw1     may  be  formed,  or  their  formation  be 

the  mycelium  of  the  fun^s  rrowingr  be-     provided  for  withiu  the  leaves,  o^  dis- 

tween  the  cells*  aendioff  haustoria,  a  a,  ^ -i  x  •  j»  ^^ 

intotheintenoroftheceiis.  (AfterScrib-  eascd  parts,  as  in  grape  downy  mil- 
nerfrom  Fariow).  dew,  elm-leaf  diseasc  and  in  black-knot 

Note:    In  this  fi^re  the  lower  row  of  r      i  j      i.  /tm,-  ^    4.1.^    ^        i 

ceu.  tav,  the  form  of  empty  epidermi  ©f  plum  and  cherry.  Thus  the  cycle 
cells  in  which  the  fun^s. would  find  little     of  development  coutiuues  indefinitely 

to  subsist  upon.    Parlow's  original  firure  -  ._,    _  j. 

doe.  not  dvTthese  cell.  «,ch  form.  unkss    some     ageucy     intervene     to 

destroy  the  spores,  to  prevent  their 
germination,  or  the  parasite  itself  so  exhaust  the  host  plant  as  to 
destroy  it  entirely  and  the  fungus  perish  for  lack  of  suitable  nidus. 
However,  this  rarely  occurs,  not  perhaps,  so  often  as  men  are  guilty 
of  killing  the  goose  which  lays  the  golden  Qgg.  Herein,  we  meet 
another  fact,  namely,  that  parasitic  fungi  of  a  given  kind  are  limited 
to  a  particular  host  plant  of  a  certain  species,  or  to  a  small  number 
of  related  plants,  so  that  if  a  congenial  host  is  lacking  the  f  ungrus 
will  not  thrive. 

The  fungus  threads  growing  within  any  plant  will  not  flourish 
if  simply  passing  between  the  cells  of  the  host;  penetrating  organs 
pierce  the  cell  walls  and  are  able  to  absorb  nutriment  from  the  cell 
interior.  (Fig.  12).  The  diverse  forms  of  sucking  organs,  and  the 
peculiar  structures  of  fungus  threads  in  these  situations  would  in 
themselves  require  much  study  and  investigation  to  pfresent  them 
properly.      We  must  further  conceive  that  a  fungus  may  often 
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penetrate  the  bark  of  a  tree  for  example,  if  aided  by  rifts  caused  by 
freezing*  or  similar  disturbances,  to  say  nothing*  of  the  openings 
offered  by  wounds,  the  breaking  of  branches,  etc.  A  recent  illustra- 
tion of  the  danger  of  rifts  in  the  bark  of  trees  is  offered  by  the 
chestnut  disease  which  is  proving  so  destructive  near  New  York 
City,  Few  parasitic  fungi  have  that  penetrating  power  of  thrusting 
the  hanstoria  through  the  plant  covering  such  as  we  find  in  the  case 
of  the  dodder  that  twines  about  and  robs  the  wild  herbs  and  shrubs 
of  the  woods  and  fields  as  well  as  the  cultivated  flax  and  clovers. 

HOW  PARASITIC  FUNGI  APPBCT  THB  HOST 

We  know  the  cumulative  effects  of  insufficient  food  supply;  these 
effects  must  hold  for  plants  attacked  by  parasitic  fungi.  Aside  from 
the  nutriment  diverted  to  the  parasite,  there  is  reduced  functional 
vigor  of  leaf,  stem  or  root,  and  the  loss  becomes  increased  in  this 
way.  Let  all  the  leaves  be  parasitized,  or  let  even  three-fourths  of 
them  be  entirely  so  attacked,  and  we  may  look  for  great  loss  of  foliage, 
possibly  entire  loss  of  fruit  and  the  detailed  effects  of  diminished 
vigor,  unripened  wood,  or  by  repetition,  entire  destruction  of  the 
host.  Usually  the  effects  are  of  many  gradations,  but  in  all  cases  of 
leaf  parasites  the  entire  plant  must  suffer.  We  have  learned  that 
bacteria  may,  in  a  suitable  medium,  destroy  themselves  by  the 
formation  or  emission  of  poisonous  products  which  are  fatal  alike  to 
the  bacteria  and  to  animals,  or  even  man;  that  such  takes  place  within 
plants  parasitized  by  fungi  remains  in  doubt,  and  may  be  disre- 
garded for  the  present.  The  results  of  impaired  function  in  the 
parts  are  serious  enough  to  demand  our  attention.  It  is  altogether 
probable  that  future  investigations  will  modify  our  views  upon 
some  points. 

There  are  many  curious  transformations  and  malformations 
resulting  from  the  attacks  of  parasitic  fungi,  simply  by  the  multi- 
plication of  cells  of  wound  cork  or  other  tissues  in  the  effort  of  the 
host  to  shut  off  the  fungus,  not  because  the  fungus  consists  of  such 
a  mass  of  tissues.    (See  leaf -curl  of  peach). 

While  exceedingly  interesting  to  trace  the  effects  of  the  white 
mold  on  shepherd's  purse  and  on  the  garden  purslane,  as  well  as  the 
effects  of  bramble  rust,  cabbage  club-root  and  a  number  of  others, 
the  principle  above  pointed  out  will  be  found  generally  applicable, 
and  it  is  to  the  reactions  of  the  host  plant  that  the  excrescences  or 
malformations  are  chiefly  attributable. 

It  may  further  be  stated  that  artificial  cultures  of  parasitic  fungi, 
either  upon  culture  media  or  living  plants  are  constantly  adding  to 
oar  knowledge  in  these  lines. 

BBNBFICIAL  ORGANISMS:  ROOT  MODULES.  ETC 

While  realizing  the  losses  caused  by  parasitic  fungi  and  bacteria 
wc  may  not  hastily  condemn  all  fungi  and  bacteria.  One  of  the  most 
profound  influences  of  aging  culture  of  the  soil,|s^the  beigficial 
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effects  in  nitrogen  fixing,  exerted  pj  the  root  nodule  bacteria  of 
leguminous  plants.  The  well  known  beneficial  effects  of  the  root 
nodule  bacterium  upon  clover  has  made  rotation  in  clover  an  agricul- 
tural necessity.  The  species  or  forms  of  root  nodule  bacteria 
required  on  alfalfa,  cowpeas,  vetches,  etc.,  have  become  recognized 
as  factors  of  consequence  in  our  efforts  at  seeding  and  new  species 
of  legumes  on  the  farm. 

A  less  understood  relation  between  certain  fungi  which  develop 
as  mycorrhiza  upon  the  roots  of  some  deciduous  trees  and  notably 
on  conifers  may  not  be  passed.  Herein  we  may  find  an  explanation 
of  rotation  in  forest  species  when  reforestation  crops  are  to  be 
grown. 

THE  PROOF  OP  PARASITIC  CAUSE  IN  PLANT  DISEASE 

The  mere  presence  of  a  fungus,  determined  by  the  microscope 
in  diseased  tissues  of  the  plant,  does  not  prove  the  case  against  the 
organism  found.  It  is  not  easy  at  all  times  to  be  certain  whether 
discovered  spores  belong  to  this  or  that  organism,  or  group  of  organ- 
isms, although  with  certain  groups  as  the  anthracnoses,  species  of 
Fusarium,  etc,  the  spore  forms  give  somewhat  clear  evidence.  The 
differences  between  parasitic  and  saprophytic  fungi  are  not  always 
simple  matters  admitting  of  ready  determination;  further,  we  must 
bear  in  mind  that  after  a  parasite  has  caused  death  or  even  minor 
lesions  in  a  plant,  the  organisms  of  decay  may  be  expected  to  appear 
to  do  their  great  work  as  the  scavengers  of  the  world.  The  fungi  or 
bacteria  found  in  a  dying  plant  may  be  both  saprophytic  and  para- 
sitic, or  these  may  be  only  saprophytic. 

The  methods  of  proof  of  parasitic  cause  in  the  bacterial  diseases 
of  animals  including  man  have  been  extended  to  th^  study  of  bacterial 
diseases  of  plants  and  finally  to  the  diseases  caused  by  parasitic 
fungi.  These  methods  consist  of  a  group  of  rigorous  exact  rules 
which  are  stated  by  Dr.  E.  F.  Smith  in  the  following  ternis: 

(a)  Constant  association  of  the  organism  with  the  disease. 

(b)  Isolation  of  the  organism  from  the  diseased  tissues  and  careful  study  of 
the  same  in  pure  cultures  on  various  media. 

(c)  Production  of  the  characteristic  signs  and  lesions  of  the  disease  by  Inoc* 
ulaticMis  from  pure  cultures  into  healthy  plants. 

(d)  Discovery  of  the  organism  in  the  inoculated,  diseased  plants,  re-isola- 
UoD  of  the  same,  and  growth  on  various  media  until  it  is  determined  beyond 
doubt  that  the  bacteria  in  question  are  identical  with  the  organism  which  was 
inoculated. 

Smitli— Bacteria  in  Relation  to  Plant  Diseases .    Vol.  1,  p .  9. 


Digitized  by 


Google 


DISEASES  OF  CULTIVATED  PLANTS  331 

Willie  these  methods  and  rales  are  stated  with  special  reference 
to  bacteria  as  the  cause  of  disease,  they  apply  with  equal  force  to 
the  proof  of  cause  in  the  case  of  any  givtn  parasitic  fungous.  These 
methods  require  rigorous  and  exact  work  in  the  isolation  and  subse- 
quent cnlture  of  the  parasite  upon  sterile  media,  followed  by  equally 
carefnl  inoculation  work  using*  these  pure  cultures  as  a  source  of  the 
organism. 

WBTHOD  OP  INOCULATION  PROIf  CULTURES 

The  methods  of  inoculation  tried  by  the  investigator  are  of  great 
importance.  These  determine,  in  fact,  the  success  or  non-success 
of  his  efforts.  There  must  be  adaptation  of  the  method  to  the  life 
history  of  the  parasite  and  the  developmental  stages  of  the  host 
plant,  including  the  appearance  of  the  parts  more  commonly  attacked 
by  it. 


Kiff.  ift.  This  shows  method  of  infectlnc  field  plots  by  means  of  the  hand  spray  pump,  ualng  the 
wsahincs  of  ssmples  of  wheat  and  other  grains.  The  washing  of  grain  containing  sfores  of  disease 
sosb  as  sAthmcnose  or  scab  may  be  used.  Cultures  may  also  be  sprayed  upon  plants  in  thia  way  or 
br  mwn**  of  bioinr-bottle  in  smaller  tests.     (Prom  Bui.  203,  Ohio  Experiment  Station) . 

Following  the  methods  of  earlier  bacteriologists,  needle  p  .ncks 
are  often  employed  both  in  the  inoculation  of  fungi  and  bacteria  into 
plants.  One  seeking  to  pursue  a  special  line  of  inoculations  will  need 
in  all  cases  to  study  his  conditions  as  well  as  the  methods  of  other 
investigators.  Thus,  doubtless,  inoculations  like  those  of  Phy  toph- 
thora  and  Plasmopara  may  be  best  attained  by  using  drops  of  sterile 
vvater  to    carry  the   spores.     The   same  principle  applies  in  field 
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methods  upon  many  crops.  In  the  case  of  grain  diseases,  notably 
anthracnose  and  scab  upon  wheat,  rye,  oats  and  g^rasses,  inocula- 
tions may  be  made  by  spraying  the  cultures  upon  the  grain  at  a 
proper  stage  of  its  development. 

While  some  groups  of  fungi  do  not  lend  themselves  readily  to 
culture  upon  the  usual  media,  it  is  the  aim  of  plant  pathology  to 
make  this  possible  with  a  constantly  increasing  number  of  these 
parasites. 

CULTURE  PROOF  NOT  ALWAYS  POSSIBLE 

While  in  all  cases  of  bacterial  diseases  where  the  body  of  the 
organism  is  so  little  different  from  that  of  the  bacteria  of  decay, 
fermentation,  etc.,  these  rigorous  proofs  are  required- before  the 
disease  is  listed  as  of  proven  bacterial  origin,  we  do  not  find  it  nec- 
essary in  practice  to  reprove  again  the  case  as  against  frequently 
occurring  species  of  fungi  associated  with  particular  plant  diseases. 
This  does  not  make  it  less  necessary  to  prove  all  cases  as  to  para- 
sitic cause,  although  the  practicability  in  any  single  laboratory  of 
pathology  is  admittedly  one  of  narrow  limits. 

ENZYMATIC  DISEASES  OF  PLANTS:  CHLOROSIS  OR  PANACHURS 

To  this  form  of  physiological  breakdown,  induced  however,  by 
specific  causes  recently  determined,  we  attribute  some  very  wide- 
spread and  injurious  diseases  which  belong  under  the  head  of 
chlorosis.  Peach  yellows,  possibly  peach  rosette,  f  renching  or  mosaic 
disease  in  tobacco,  and  in  general  variegated  or  special  yellow  foliage 
types  of  plants  as  in  Arundo,  Acer  and  other  genera  of  plants  belong 
here.  The  yellows  in  peach  has  long  been  studied,  as  also  the 
tobacco  mosaic  disease.  In  yellows  the  contagious  character  of  the 
disease  and  its  transmission  in  pruning  by  contact  of  parts  of  the 
harness  of  team  and  by  or  through  the  atmosphere  has  been 
recorded. 

A  few  years  ago  it  was  determined  by  Beierjink  and  by  Hunger 
that  this  infection  exists  aS  a  chemical  compound  or  compounds  of 
complex  nature  belonging  to  the  oxidizing  ferments  of  a  group  called 
the  oxidases.  Oxidase,  peroxidase  and  others  of  these  ferments  are 
known.  They  act  by  breaking  down  or  oxidizing  the  plant  leaf 
tissues  and  especially  the  chlorophyll  or  leaf-green  of  foliage  and 
young  tissues,  converting  it  into  xanthophyll.  The  tests  for  these 
ferments  are  of  some  importance.  Woods  and  others  have  shown 
their  action  with  peroxid  of  hydrogen. 

From  a  practical  point  of  view  the  transmission  of  the  ferments, 
and,  therefore,  of  the  disease,  by  touching  first  diseased  and  then 
healthy  foliage  is  rather  surprising.     The  work  of  Hunger  in  Java 
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Upon  the  transmission  of  the  tobacco  mosaic  disease  makes  the  risk 
of  transmission  from  diseased  to  healthy  plants  by  such  handling, 
stand  out  clearly.  This  line  of  transmission  was  verified  on  tobacco 
by  the  writer's  assistant  in  1903  (See  Bulletin  156,  of  this  Station). 

While  the  same  class  of  proof  for  pegicb  yellows  is  very  difficult, 
owing  to  the  latent  nature  of  the  disease  for  some  months  after  first 
infection,  the  actual  results  of  infection  from  nearby  diseased  trees 
make  clear  the  danger  of  such  exposure  and  the  necessity  for  the 
destruction  of  diseased  trees.  Chemical  examination  of  variegated 
or  chlorose  tissues  shows  the  same  compounds,  the  oxidases,  etc.,  to 
be  present  and  to  account  for  the  transformation  of  the  leaf-green 
or  chlorophyll,  into  xanthophyll,  or  leaf  yellow.  Thus  by  degrees 
apparent  plant  disease  mysteries  are  solved.  The  weakness  of 
variegated  plants  and  their  ready  susceptibiity  to  attacks  of  para- 
sitic fungi  are  now  explained  by  this  impaired  condition  of  the  leaf 
parts. 

PLANT  DISEASES  TRANSMITTED  IN  THE  SBjED 

The  public  in  general  little  realizes  how  many  diseases  of  plants 
are  transmitted  in  the  seed,  although  as  the  years  pass  the  general 
dissemination  of  knowledge  concerning  infection  by  spores  and  by 
germs  has  partly  prepared  the  way.  The  public  mind  does  not 
longer  expect  something  to  grow  from  nothing.  The  treatment  of 
seed  grain,  as  wheat,  oats,  barley,  etc.,  to  destroy  adhering  spores 
of  the  smut  fungi,  and  thus  prevent  these  smuts  in  the  crop,  has 
been  known  for  many  years.  In  the  early  days  of  the  Agricultural 
Experiment  Stations,  these  doctrines  and  practices  in  this  regard 
were  widely  disseminated,  new  impetus  being  given  by  the  success- 
ful use  of  hot  water  following  the  methodsof  Jensen  in  Denmark; 
but  despite  the  conquest  of  the  practical  control  over  the  order 
Ustiligineae,  the  smuts,  we  have  only  really  begun  to  study  the 
matter  of  seed  infecting  diseases  produced  by  seed  infesting  fungi. 
These  seed  infesting  fungi  are  of  two  types,  viz,  first,  those  whose 
spores  adhere  to  the  seed  grain  as  in  the  case  of  the  smuts  of  grains 
generally,  and  second,  and  more  exactly,  those  fungi  which 
develop  upon  or  within  the  seed  largely  by  their  threads  or  mycel- 
ium, and  may,  or  may  not,  prevent  the  germination  of  the  infested 
seed  grain.  Our  knowledge  of  these  strictly  seed  infesting  fungi  is 
quite  recent;  we  may  point  to  the  work  of  Prof.  BoUey  and  his 
aaristants  at  the  North  Dakota  Experiment  Station,  especially  upon 
the  matter  of  flax  diseases;  to  the  work  of  Dr.  Halsted  in  New  Jersey 
and  to  Bulletin  173  of  this  Station  by  Van  Hook.  With  the  tendency 
to  continuous  growing  of  flax,   in  the  west  there  was  developea  dt 
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that  new  area  specific  seed  and  soil  troubles  which  have  been  proved 
to  be  perpetuated  in  the  infected  seed.  An  anthracnose  of  flax  and 
a  Fusarium  attacking*  flax  seed  are  examples. 

No  less  conspicuous  is  the  case  of  the  blight  fun^ras  of  peas, 
ilso^cAj^/i^/s/,  which  is  also  an  anthracnose,  and  the  allied  anthrac- 
nose of  beans,  Colletotrichum  lagenarium.  Investigations  made  at 
this  Station  by  Van  Hook  show  the  source  of  the  trouble  with  peas 
to  be  the  infected  seed  employed  and  show  also  that  seed  treatment 
will  not  destroy  these  internal  fungi  without  destroying  the  vitality 
of  the  seed.  It  was  further  shown  that  the  source  of  relief  Ir-ss  in 
growing  healthy  seed  through  the  use  of  fungicides  upon  the  pea 
vines  from  which  seed  is  gathered;  likewise  that  infection  ^9ay 
remain  in  the  soU,  (See  Bulletin  173). 


Piff.  14.  Sbowinc  pbytician'a  centrifuge  and  other  apparatus  ueed  in  making 
examinations  of  grain  washings  for  smut  spores  and  spores  of  otlser  diseases  adher* 
ing  to  the  exterior  of  seed.  The  flasks  at  the  right  show  samples  of  washed  gfsln. 
Those  at  the  left  show  amounts  of  grain  and  water  used.  The  glass  tubes  in  ooo- 
tainer  are  used  in  the  metal  holders  of  the  centrifuge.  The  precipitates  in  bottooas 
of  tubes  were  obtained  from  washing  of  oats  and  wheat  samples  in  flaaks.  (From 
Bui.  203). 

More  recent  work  at  this  Station  has  shown  the  presence  of  seed 
infesting  and  seed  infecting  diseases  in  wheat.  (See  Bulletin  203). 
The  illustration,  Fig.  15,  exhibits  the  germinating  seeds  of  wheat 
with  the  outgrowth  of  the  parasitic  fungus  (Fusarium)  which  we 
find  associated  with  wheat  scab.  This  is  upon  seed  grains  (kernels) 
that  are  not  destroyed  by  the  fungus;  many  of  the  kernels  of  scabby 
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beads  will  not  germinate.  It  was  also  found  in  continuous  wheat 
land  as  much  as  6  percent  of  the  young  wheat  plants  were  destroyed 
in  the  fall  by  this  same  parasite  which  appears  to  survive  in  the  soil 
under  continuous  wheat  growing  as  well  as  to  be  propagated  in  the 
seed  grain. 


Fir*  IS.  TMb  allows  results  from  germinatiiic  ten  wheat  keraels  in 
Fetridishcoataininffacur.  Both  the  afar  and  the  kernels  were  steriliied. 
After  five  dars  it  was  foand  that  five  kernels  had  produced  healthy  plantlete, 
and  four  kernels  had  germinated  but  were  attacked  by  the  scab  fungus, 
#W«srmw,  and  two  by  another  fungus.  One  kernel  in  the  center  did  not 
grow  and  gave  only  growth  of  the  scab  fungus,  Fusarium,   (From  Bui,  203X 


HOW  TO  BXAMINB  SBBDS  FOR  INFBCTION 

Recently  good  success  has  been  obtained  in  the  laboratory  of  this 
Department  in  determining  the  presence  of  certain  seed  infesting 
fungi  in  seed  wheat,  oats,  rye,  etc.  lu  regard  to  the  matter  of 
adhering  spores  this  is  accomplished  \>y  making  washings  of  the 
seed  in  distilled  water  and  separating  the  spores  from  the  washings 
by  means  of  a  physician's  centrifuge,  (Fig,  14).  The  spores  and 
similar  particles  washed  from  the  seeds  are  thus  collected  in  the 
bottom  of  the  tubes  of  the  centrifuge  and  may  be  identified  by 
microscopic  examination.    (Fig.  16), 
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sach  as  a^^ar  or  gelatin.  This  method  has  been  worked  out  in 
Bulletin  203  and  may  often  be  applicable.  The  illustrations  above 
will  show  the  results  in  these  cases  as  before  referred  to.  With 
internal  tuber  infesting*  diseases  as 
in  the  bacterial  wilt  disease  of  the 
potato,  the  Fusarium  wilt  or  dry- 
rot  fungus  of  the  potato  and  the 
soil-rot  of  the  sweet  potato,  we  must 
go  further  than  mere  external 
examination.  For  the  two  named 
wilt  diseases  of  potato,  infection 
usually  shows  earliest  at  the  stem 
end.  Thin  slices  across  this  stem 
end  of  the  tubers  will  show  wheth- 
er or  not  there  is  discoloration  in 
the  vessels.  In  the  absence  of  infec- 
tion there  will  be  no  discoloration 

with  bacterial  infection  by  Bacillus 

solanacearuMy  black  areas  or  rings 

vein  be  seen  in  these  tissues  while 

tubers     infected     with    Fusarium 

oxysfarutn  will  show  local  areas  of 

browned    or    blackened     tissues. 

This   infection   applies   usually  to 

harvest    time.     As    the    infeclk>n 

advances,  one-half  the  length  of  the 

tuber  or  even  more   may  become 

infected.   In  all  cases  sections  from 

sterilized  tubers  may  be  used  as  a 

source  of  cultures  in  Petri  dishes. 

The    same    applies   to  soil  rot  of 

sweet  potato.    These  diseases  are 

not  reached  by  seed  treatment. 


THB  lucits  in  sbbd  trbatmbnt 


Piff.  17.  Pea  stem  showioff  lesion  from 
blicbt  fuoffua,  Ascochyta  piti^  near  surface 
offfnmnd.  This  fungus  came  from  the  seed 
pea.    (Natural  sixe).    From  Bui.  173. 


It  will  be  apparent  that  serious 
limits  hold  in  regard  to  seed  treat- 
ments.    Where     the     spores    are 

external  and  simply  adhering  to  the  seed  grain,  treatment  will 
destroy  th#se  spores  if  rightly  adapted  to  the  seed  in  question  and 
the  germination  need  not  be  much,  if  any  impaired.  On  the  other 
hand  where  the  seed  infection  is  internal  rather  than  external,  grave 
doubts   arise  as  to  the  possibility  of  successful  «eed   treatment* 
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SOIL  INFBSTINQ  PARASITES  IN  FIELD  AND  FORCING  HOUSE 

The  cultivated   soil  is  a  medium  in  which    many  species  of 
bacteria  and  f un^ri  survive  from  year  to  year.    The  public  is  famil- 
iar v^ith  the  doctrine  of  bacterial  infection  or  inoculation  of  the  soil 
in  its  relation  to  the  nodules  or  tubercles  of  clover,  alfalfa,  soybeans, 
cowpeas  and  other  cultivated  plants  of  the  Family  of  Le^^minosae. 
One  form  of  bacterium  is  not  sufficient  for  both  clover  and  alfalfa. 
This  flora  of  the  soil  both  in  relation  to  bacteria  and  fungi  of  consid- 
erable rangre  of  species,  is  enriched  by  the  applications  of  manure 
and  by  the  practices  of  culture;  by  this  is  meant  that  the  endowing  of  a 
fi^iven  crop  a  second  time  or  a  third  time  consecutively  in  the  soil 
increases  the  probability  that  the  plant  roots  remaining:  in  the  soil 
are  carried  over  from  one   crop   to  the  next  together  with  root 
parasites  which  cause  dis- 
ease in  the  plants  of  this 
crop.      Manifestly,    like- 
wise, if  in  preparation  for 
a  given  crop  to  be  grown 
for  the  first  time  upon  the 
land,  rather  liberal  appli- 
cations are  made  of  fresh 
stable  manure  containing 
spores  or  mycelium,  more 
especially    the    resting 
forms  of  mycelium  called 
sclerotia,  the  soil  will  be- 
come   infected    b  y    this 
manurial    application. 
While  this  source  of  in- 
fection is  rather  rare  in 
field  culture  we  have  spe- 
cific examples  as  in  the 
scab  disease  of  potatoes     ,    "/;!!;  r^,'^':^'"?°?!^^^?T!^,KV»!."".?^ 

.         ^.      Jane  7, 1902,  Cheabire  Ohio,  showing  injuries  by  Rtaiaoctonia. 

transmitted   in   this  way;  The  ebKled  areM  ««  darker  lesions  occupied  br  en  abund- 

fliA    fi^oK    rbf    Qiicrar   fhA^i-Q  ence of  Rhixoctonia  hypbae;  tbe  tope  showed  conspicuous 

tne    SCaO    OI    sugar    OeeiS  r^,,^.^^.    Reduced  from  Bulletin  No,  139. 

may    be    carried   m  like 

manner.  But  in  forcinghouse  culture  where  heavy  applications  of 
manure  are  made,  the  chances  are  greatly  increased  that  soil  inf ec- 
ion  will  be  produced  from  the  manure. 

It  is  of  value  to  remember  that  seed  infesting  or  seed  infecting 
organisms  are  also  very  largely  capable  of  survival  in  the  soil  nidus 
of  cultivated  soils,  thus  our  troubles  multiply  adequately  if  our 
care  be  inadequate  to  avoid  them. 
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Piff.  20.  This  shows  root  portions  of  seedling  lettuce  iHants  with  dark  spots,  lesion*  caused  hw 
attacks  of  the  rosette  fundus,  Rhixoctonia,  With  the  younger  plants  tteae  attacks  cause  larse  mortalltr 
and  in  very  small  seedlings  the  stem  of  plantlet  may  early  collapse  alter  the  manner  shown  la 
rotting  specimens.     (From  Circular  No.  57} . 

THB  AVOIDANCB  AND  PRBVBNTION  OP  SOIL  INPBSTINQ  DISBASBS 

We,  perhaps,  may  assert  that  the  law  of  nature  is  that  of  a  diver- 
sified plant  covering;  at  any  rate  the  law  of  successful  culture  will 
permit  of  statement  in  terms  of  crop  rotation.  And  it  is  true  that  as 
culture  ages  the  number  and  seriousness  of  plant  diseases  increase 
almost  in  geometric  ratio.  It  is  further  conspicuously  true  with 
respect  to  those  areas  devoted  largely  to  continuous  culture  in  a 
single  crop  or  in  a  group  of  closely  related  crops  such  as  the  growing" 
of  wheat  in  Western  United  States  and  Canada,  also  in  the  growing 
of  flax  and  other  crops.  Potato  growing  in  San  Joaquin  county, 
California,  illustrates  this  danger.  Muck  lands  devoted  to  vegetable 
culture,  tempt  the  grower  to  continue  his  crops  of  celery,  onions, 
etc.  Here  we  have  as  a  true  result  the  accumulation  of  diseases 
which  attack  these  plants;  thus  for  field  culture  we  are  constantly 
facing  these  problems  ot  soil  infesting  diseases  and  the  handling  of 
the  diseases  is  not  an  easy  problem  since  change  t<^  roltation  may  mean 
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a  serioa&  decrease  in  the  return  from  the  crop  on  the  special  type  of 
soil.  While  for  g^eneral  field  culture  avoidance  of  conditions  may  be 
successful,  this  is  by  no  means  a  simple  matter.  Rotation  is  often 
absolutely  necessary,  but  this  same  rotation  will  not  rid  the  soil  of 
the  onion  smut  f  ungfus,  nor  of  some  other  parasites  such  as  in  the 
case  of  the  club-root  f  ungfus  of  cabbage  and  related  plants.  In  these 
cases  some  soil  treatment  must  be  applied  to  field  areas.  In  the  case 
of  the  onion  smut  it  is  sufBcient  to  apply  a  formalin  drip  which  will 
fall  with  the  seed  and  disinfect  the  soil  layer  in  proximity  to  the  seed. 
This  is  effective  because  the  smut  f ungfus  can  penetrate  the  gferm- 
inating:  onion  plant  only  in  the  earlier  stagfes  of  ^owth.  On  the 
other  hand  with  cabbage  club-root,  where  plants  are  transplanted 
from  the  beds  in  which  they  are  grown,  some  general  method  of  soil 
treatment  which  involves  the  soil  mass  is  more  effective.  In  this 
case  it  is  the  application  of  stone  lime  or  caustic  lime  in  liberal  quant- 
ities. These  examples  are  only  illustrative  of  general  conditions  to  be 
met  with.  In  the  case  of  potato  scab,  it  is  found  necessary  both  to 
disinfect  the  seed  where  scab  is  present,  even  to  a  limited  extent, 
and  to  plant  upon  new  soil  not  infested  with  the  scab  organism. 
Potato  rosette  is  certainly  an  acid  loving  parasite. 


^ilr.  n.  Lower  portion  of  two  c.  •  plants  showing  effects  ot  root  rot,  Rkuocton$a,  It  wm  bs 
*«wvwl  tlwt  nsarlr  an  the  roots  of  tbe  plants  have  rotted  ofif  in  consequence  of  tfte  atts^-k.  (Prom  Clr- 
CQl8rNo.nL 
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Under  the  diseases  described  for  each  plant,  methods  of  avoid- 
ance and  treatment  are  indicated  and  the  diligent  student  will  find 
other  instances  of  similar  character  mentioned  therein. 

SOIL  TREATMENT  IN  THE  FORCING  HOUSE 

About  our  gres,t  centers  of  poptilation  have  grovm  up  conspicu- 
ous developments  of  the  forcing:  house  industry;  largfe  areas  are 
covered  with  glass  and  these  hothouses  are  maintained  at  the 
necessary  temperatures  for  the  production  of  the  special  green 
crops  found  profitable,  At  the  same  time  the  soil  of  the  hothouse 
beds  is  very  liberally  manured  and  enriched  further  by  applications 
of  commercial  fertilizers.  Not  only  do  these  applications  of  manure 
tend  to  enrich  the  flora  of  the  soil  and  to  introduce  particular  root 
parasites,  but  the  decay  of  the  organic  matter  of  the  manure  also 
tends  to  produce  humus  acids  in  considerable  quantities.  Along  with 
these  are  brought  parasitic  eelworms  which  are  peculiarly  fatal  to 
curcurbitaceous  plants,  to  violets  and  to  some  other  hothouse  crops. 
Next  to  the  eelworms  the  most  conspicuous  organism  in  our  area  is 
the  sterile  fungus  Rhizoctonia,  whose  resting  forms  or  sclerotia  may 
be  readily  introduced  in  manure.  To  meet  this  indoor  soil  infection, 
special  methods  of  soil  sterilization  had  to  be  developed,  since  soil 
rotation  is  practically  impossible  in  the  forcing  house. 

These  methods  of  treatment  are  in  brief,  steaming  of  the  soil  to 
render  it  practically  sterile,  so  far  as  these  parasites  are  concerned, 
and  a  method  of  formalin  drenching.  This  method  of  steaming  is 
ideal,  or  almost  so,  in  its  results  upon  sandy  or  loamy  soils,  but  often 
entails  unfavorable  changes  in  heavy  silty  or  clay  soils.  Essentially, 
it  consists  in  burying  a  series  of  perforated  pipes  in  the  soil  at  inter- 
vals, covering  the  surface  of  the  beds  and  passing  live  steam  in  suffic- 
ient volume  into  the  pipes.  These  pipes  are  prepared  insets  with  cross 
heads  and  boiler  connections  and  are  perforated  at  desired  distances. 
The  surface  of  the  bed  is  covered  with  canvas  and  the  steam  passed 
into  the  system  for  such  period  as  is  required  to  heat  the  soil  to  a 
temperature  from  180^  to  212^  Fahr.,  to  be  maintained  for  one  hour 
or  more.  This  applies  to  high  pressure  boilers;  for  low  pressure  or 
hot  water  heating  systems  where  the  steam  is  applied  in'  subdrains, 
four  to  five  hours  steaming  will  be  required  with  a  pressure  of  six 
to  seven  pounds.  This  treatment  is  effective  for  destruction  of  the 
eelworms  or  nematodes  of  cucumbers,  violets  and  lettuce,  the  rot  or 
drop  fungus  of  lettuce,  the  rosette  fungus,  and  in  general  of  all  sml 
infesting  parasites. 
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i^other  method^  the  formaldehyde  or  formalin  drench,  has 
pix>ired  successful  for  the  control  of  Rhizottonia  in  greenhouse  soils. 
rPbis  consists  in  a  solution  of  40  percent  formaldehyde  in  water,  say 
a,±  tlie  rate  of  two  to  four  pounds  in  50  gallons  of  water.  This  is 
applied  at  the  rate  of  one  gallon  per  square  foot  of  area  and  will 
involve  a  very  severe  wetting  down  of  the  bed  and  prevent  immediate 
resetting  of  the  soil  owing  to  the  persistence  of  the  formaldehyde. 
One  secondary  effect  of  formaldehyde  drench  and  lime  in  sandy 
soils  in  the  forcing  house  was  an  increased  yield  of  lettuce  amounting 
fr-om  60  to  90  percent  over  the  ordinary  crop.  This  was  explained 
on  the  assumption  that  the  parasitic  fungus  was  destroyed  and 
certain  other  inhibiting  organisms  at  the  same  time. 

THS  BB8T  PORCmO  HOU8B  PRACTICB 

The  best  forcing  house  practice  will  contemplate  a  recurrent 

disinfection  or  sterilization  of  the  soil  during  the  idle  period;  it 

shotiM  be  preceded  by  whatever  applications  of  limestone  and  manure 

that  are  to  be  made  to  the  soil,  then  after  thorough  working  and  appli- 

caticm  oi  water  to  correct  unevenness  of  moisture  the  soil  may  be 

sterilized    by   steam,  or  the  formaldehyde  drench  be  applied  with 

assurance  of  results:  obviously  also  this  treatment  must  extend  most 

vi^oronsly  to  the  plant  beds  and  bring  healthy  seedlings  to  soil  in 

wiiich  the  soil  parasites  have  been  destroyed. 

The  following  tables  of  seed  and  soil  treatments  taken  from  the 
spray  calendar  will  be  of  more  use  than  extended  description  or 
discussion: 
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ROOT  DISEASES  AND  ROOT-ROT  FUNGI  OP  ORCHARDS 

Diseases  upon  the  roots  of  herbaceous  plants  are  very  commofily 
due  to  soil  infesting  parasites.  As  explained  under  that  topic,  the 
soil  conditions  may  be  favorable  to  certain  parasitic  organisms  or 
without  being  especially  suited  to  them  soils  become  infested  with 
fungi  which  tend  to  remain  indefinitely  and  become  a  source  of  loss 
in  crops  and  efiPort.  See  lettuce  rosette,  tobacco  root-rot,  potato 
dry-rot  and  root-rot  of  violet. 

The  root-rots  of  woody  growths  are  commonly  more  or  less 
truly  wood  invading  fungi  of  the  semi-parasitic  type  and  become  of 
interest  to  foresters  as  well  as  orchardists.  A  partial  exception  to  this 
wood-invading  character  of  these  root-rot  fungi  is  found  in  a  recently 
discovered  development  of  the  tobacco  and  violet  root-rot  fungous, 
ThieUwia  basicola  Zopf .,  upon  catalpa  seedlings  in  nursery.  However, 
since  even  tree  seedlings  in  their  early  stages  have  not  developed  their 
woody  tissues  to  any  great  extent,  they  are  susceptible  to  the  sajne 
root  parasites  as  are  found  on  herbs.  This  will  likely  explain  cases 
like  that  cited  on  catalpa  and  the  trouble  may  pass  as  the  seedling 
become  older.  Yet  it  must  be  confessed  that  this  still  raises  a  ques- 
tion as  to  the  effect  of  the  general  parasitism  of  even  Thielavia  upon 
the  rootlets  of  trees  like  catalpa. 

In  forest  woodlots,  root-rots  are  likely  to  become  of  increasing 
effect.  Wherever  these  tend  to  limit  the  reproduction  of  certain 
species  in  the  woodlot,  they  will  be  injurious.  In  this  respect  they 
may  prove  an  added  reason  for  the  rotation  of  conifers  with  decid- 
uous growths.  In  coppice  or  cut-over  lands  such  as  prevail  in  the 
charcoal  furnace  districts  of  Ohio,  the  roots  and  stumps  of  the 
parent  stem  must  be  an  eventual  menace  to  the  new  growths  ^ehich 
spring  up  about  them.  The  exposure  to  the  wood  fungi  which 
become  timber  or  heart-rot  sorts  will  be  very  great  in  all  such  cases* 
The  gradual  invasion  of  the  new  growths  must  often  occur  ^^hen 
these  approach  a  size  that  gives  a  considerable  heartwood  cylinder. 
These  are  the  great  sources  of  trouble  in  coppice  reproduction,  of 
timber  trees. 

Root-rots  in  orchard  plantings  are  known  more  especially  \9^hen 
these  are  made  following  oak  and  other  species  somewhat  after  the 
manner  of  coppice  conditions.  The  rhizomorpbic  development  of 
these  root-rots  is  difficult  to  determine  but  is  usually  referred  to 
Agaricus  melleus  {Armillaria  mellea).  See  root-rots  of  apple, 
peach,  etc. 

An  especial  feature  to  be  noted  in  root-rots  of  all  sorts  are  the 
soil  conditions  as  to  excess  moisture  and  aeration  of  the  soil.  In 
silty  or  clay  soils  of  close  texture  and  coagulable  nature,  with  excess 
moisture,  serious  conditions  arise.    Any  traces  of  root-rot  fun^^ns 
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under  sach  conditions  will  involve  increased  risks.  The  necessity 
for  draina^re  will  usually  be  apparent  and  due  consideration  of  the 
limits  of  certain  orchard  trees  needs  also  to  be  g'iven.  Cherry  trees 
and  even  peach  and  apple  trees  will  not  survive  under  moisture  con- 
ditions wherein  plum  and  pear  trees  may  ^ow  with  profit. 

Orchard  replants  in  ''clinker*'  locations  wherein  failures  have 
been  numerous,  will  raise  these  questions  of  root-rots  and  relative 
adaptabUity  of  different  orchard  trees.  Rotation  planting,  as  pear  or 
plum  after  apple,  plum  after  cherry,  etc.,  may  at  times  succeed  and 
replace  unsightly  gaps  in  the  orchard  by  flourishing  trees  of  another 
sort.  At  present,  drainage  and  aeration  are  our  known  methods  of 
restricting  root-rots  under  out-door  conditions. 

PARASITIC  FOLIAGE  DISEASES 

Foliage  diseases  of  every  sort  are  caused  by  oxygen  loving  or 
aerobic  species  of  parasites,  and  very  often  this  development  on  the 
leaves  consists  of  the  imperfect  forms  of  the  fungus  life  history. 
These  forms  are  none  the  less  aggressive  and  injurious  for  this 
reason,  but  the  exact  manner  of  survival  from  year  to  year  becomes 
important  wherever  not  known.    The  application  of  this  to  prevent- 
ive measures  in  the  control  of  these  diseases  upon  foliage  and  fruit 
is  seen  in  the  case  of  apple  scab,  the  monilia  rot  of  plums,  peaches, 
cherries,  etc.,  and  in  apple  bitter-rot.    These  last  two  rot  troubles 
survive  in  the  ''mummy"  or  dry  rotted  fruits  and  this  explains  the 
reason  for  the  oft  repeated,  injunction  to  destroy  all  ''mummies"  in 
addition  to  spraying  operations.    The  bitter-rot  of  apples  is  propa- 
gated by  means  of  summer  branch  cankers  on  the  tree,  as  brought 
out  in  recent  years.    Other  leaf  forms  survive  on  the  fallen  leaves 
or  possibly  in  bud  scales  as  with  the  leaf  curl  and  "bladders"  of  the 
Exoascae*    A  large  number  must  live  over  on  the  branches. 

Parasites  upon  foliage  soon  become  apparent  from  the 
spots  on  the  leaves  and  dropping  of  fruit  resulting.  This  dropping 
may  come  as  a  result  of  impaired  vigor  by  reason  of  disease — *hen 
it  is  later,  but  is  more  often  the  direct  result  of  parasitic  attack  by 
tbe  disease  upon  the  young  fruits.  Herein  as  elsewhere  the  philoso- 
pby  of  fungicides  comes  to  our  relief.  A  good  foliage  fungicide  is  a 
relatively  insoluble  compound  which  will  not  greatly  injure  the 
leaves  with  which  it  is  in  contact.  The  remedies  for  foliage  troubles 
are  applied  in  anticipation  of  attack  and  for  the  purpose  of  checking 
the  fungus  when  it  may  appear.  The  relative  efliciencies  of  various 
fiuvicides  in  early  summer  will  possibly  depend  upon  the  sticking 
qualities  of  the  sprays. 
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Folia^^e  diseases,  moreover,  are  liable  to  recur  each  year  and 
tnis  is  an  added  reason  for  anticipatory  treatments  to  ward  them  off. 
Foliage  diseases  may  not  be  neglected  with  immunity  since  the  leaf  is  the 
flanfs  vital  working  organ  and  the  plant  must  suffer  from  its  im^ 
pairment. 

BrmfQ  AND  SUCKINQ  INSBCTS  AND  LBAP  DIBBASBB 

The  part  played  by  insects  which  wound  the  leaf  epidermis,  in 
the  spread  of  leaf  diseases,  is  often  very  important.  Such  woundin£r 

of  the  leaf  or  s^tcn 
stem  whether  by 
insects  such  as  flea 
beetles,  folia^^e  eat- 
ing: worms,  or  by 
si  3kin£:  insects  such 
as  mites,  leaf  hopp- 
ers and  plant  lice^ 
opens  the  way  for 
the  spores  of  para- 
sitic fungi  or  of  bac- 
teria or  mere  molds, 
any  one  of  which 
may  be  injurious  to 
the  leaf.  The  early 
blight  disease  of 
potatoes  is  a  good 
example.  In  seasons 
when  there  are  many 
of  these  little  black 
flea-beetles  to  punc- 
ture the  leaves,  the 
thorough  control  of 
both  these  insects 
and  the  early  blight, 
AUemaria  fungus, 
is  called  for.  Many 
fungi  of  doubtful 
penetrating  powers 
are  truly  injurious 
when  they  follow  in- 
sect puncturesof  the 
leaves.  Fortunately 
both  these  are  se- 
cured by  Bordeaux  sprays.  The  reasons  for  such  applications  are 
of  double  character  since  they  are  to  combat  both  the  insect  and  the 
fungus  to  follow  it. 


Pis.  22.  Sbowinr  sections  of  blades  of  oats  attacked  by  sreen 
lice  (aphides).  The  riffht  band  specimen  shows  type  of  injuir  re- 
sulting from  the  suckinr  of  the  aphis.  In  case  these  lice  are  carry- 
inf  the  organisms  of  oat  blade  blight,  this  sucking  will  lead  to 
infection  by  the  disease.    (From  a  photograph  by  T.  F.  Manns). 
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With  shade  trees  the  leaf  hoppers  and  mites  may  be  so  numer^ 
ons  that  tip-bum  and  various  leaf  dying  results  from  the  injuries  or 
panctures  they  inflict. 

A  more  startling  relation  is  that  of  the  blade  blight  of  Mits,  a 
recently  investigated  bacterial  trouble, 
1?his  bacterium  is  distributed  and 
inoculated  very  obviously  by  the 
apbids  or  green  flies,  (plant  lice),  and 
otber  sucking  insects  which  prevailed 
during  the  seasons  of  1907  and  1908 
vk-pon  oats  almost  throughout  Ohio. 
Kor  fuller  details  see  Blade  Blight 
under  Oats,  and  Bulletin  210. 

^VirOUKDS  AND  WOUND  INFECTION 


With  woody  growths,  especially 
in  trees  which  attain  considerable  size, 
-we  have  the  various  phenomena  of 
disease  infection  through  wounds;  this 
infection  later  becoming  evident  by 
rea.son  of  decays  set  up  in  the  woody 
tissues.  Of  course,  in  instances  such 
as  tbe  bark  disease  of  the  chestnut, 
Didporthe  -parasitica  Murr.,  the  dis- 
ea.se  may  penetrate  the  living. tissues. 
Not  so,  generally,  in  wounds  of  woody 
pla^nts.  Any  large  woody  growth,  as 
in  forest  or  shade  trees  and  in  larger 
fruit  trees,  shows  the  combination  of 
aji  external  or  living  sapwood  layer 
and.  an  internal  dead  or  heart- 
'^G^yA  cylinder.  The  commoner  forms 
of  -veound  infections  are  attributable 
to  tliose  species  of  fungi  which  cause 
dec3.y  of  this  dead  heartwood.  Among 
these  are  the  long  list  of  saprophytic, 
aga.rics,  polypores  and  stereums.  Because  of  the  fact  that  this 
heartwood  cylinder  is  dead,  these  saprophytic  species  of  fungi,  once 
they  gra-in  entrance  into  it,  flourish  there  and  invade  the  wood  to  a 
very  gr^^^tt  extent,  even  by  adaptation  to  parasitic  habit  extending 
their  work  into  the  living  parts  causing  death.  The  removal  of  a 
largre  branch  of  a  shade  tree  or  a  fruit  tree,   unless  the   wound  thus 


Fir.  23.  Maple  shade  tree,  Wooater, 
with  large  branch  cut  off.  Below  thia 
cut  the  wound  fungus,  (  Voivaria  bom* 
6ycina)  has  developed  and  fruited;  the 
cap  is  nine  inches  across.  This  shade 
tree  waa  further  wounded  by  wrap- 
pings of  wire  to  stiffen  a  telephone 
pole.  (Prom  a  photograph  by  J.  M. 
Ooheen). 


Digitized  by 


Google 


350  OHIO  EXPERIMENT  STATION:  BULrLrETIN  214 

formed  is  properly  protected  by  dressing:,  opens  the  way  for  spores 
of  these  f  ungfi  which  ,catise  timber  decay  to  obtain  a  start  and  thns 
eventually  to  invade  the  heartwood  of  the  interior.  For  dressing  cut 
off  branches,  asphaltum  is  admirable;  in  its  lack  gas  tar  is  good,  and 
either  is  better  than  ordinary  paints. 


Flg.U,    A  w«und  parasite  {PUurotus  m/mutHus)  oo  the  trunk  of  a 
maple  tree.    (After  Freeman,  Minnesota  Plant  Diseases). 

There  is  always  to  be  borne  in  mind  that  the  protection  of  tlie 
woody  cylinder  of  trees  depends  on  its  being  covered  by  the  living 
layer  of  sap  wood.  Every  branch  of  considerable  size  connects 
directly  with  the  extensive  heart  cylinder;  we  thus  see  that  the 
wound  fungi  which  attack  the  heart  wood  are  the  timber  decays  and 
their  presence  emphasizes  the  need  for  care  in  providing  protection 
for  all  wounds,  especially  those  caused  by  pruning. 

Any  decay  becoming  established  in  the  dead  heartwood  may 
extend  for  long  distances  through  this  dead  wood  and  in  the  end  so 
destroy  it  as  to  be  in  a  position  to  invade  the  external  or  sapwood  ~ 
layer. 
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In  addition  to  the  exposure  of  the  internal   woody  cylinder  to 
these  decays,  we  have  sap-rots  due  to  various  species  of  fungi  which 
belong"  on  the  border  line  between  the  parasitic  and  saprophytic  sorts: 
Among  them  are  species  of  Fomes,  Polyporus,  Lenzites,  etc.    Any 
wound  of  the  sapwood  even  though 
it  does  not  reach  to  the  dark  heart- 
wood,  exposes  to  the  danger  of  this 
infection,  and  with  infection,  to  all 
the  consequencesof  sapwood  decay 
and  premature  death  of  the  tree. 
These  decays  and  those  of  heart- 
wood  are  in  line  with  those  of  the 
rots  of  structural  timbers,  but  we 
are  at  this  time  interested  only  in 
their  effects   on   the  parts  of  the 
living  plants. 

TIMBER  ROTS  AND  TIMBER 
PRESERVATION 

The  decay  of  dead  logs,  wood- 
en frameworks,  or  other  structural 
timbers  is  caused  by  the  attacks  of 
saprophytic  fungi  belonging  to  the 
gill  and  pore  fungi  mentioned  under 
wounds;  these  are  of  the  great  class 
of  basidium  bearing  fungi,  to  which 
the  fleshy  forms,  everywhere  more 
or  less    abundant,    belong.     The 
most  of  them  s^re  included  in  the 
"mushrooms,"    which    there   is   a 
strong  impulse  now  to  study  and 
illustrate  by  photographs.    These 
timbers  are  dead  and  are  subjected 
to   invasion    by   timber    infecting 
species  wherever  the  conditions  as 
to  air  and  moisture  are  such  as  to  favor  their  development.     Dry 
timbers  are  not  subject  to  such  attack  because  lacking  the  requisite 
moisture  for  the  organism.    Floors  and  other  timbers  of  houses 
adjacent  to  the  earth  or  to  unheated  cellars  are  often  attacked  by 
rot-causing  species.    The  timbers  of  trestles,  railway  ties  and  the 
bases  of  fence,  telephone  and  telegraph  posts,  where  inserted  into 
the  earth  or  in  contact  with  it,  are  kept  suflSciently  moist  to  invite 
attacks  of  this  sort. 


Piff.  as.  Aootber  wound  pwraaite  im 
ipecies  of  Sitr^m),  The  luoffos  obtained 
entrance  in  the  wound  at  the  baae  of  the 
tree  (an  oak),  and  a^  ahown  by  the  fungua 
fruiting  bodies,  ia  kfadually  progreaaing 
upward,  Thia  tree  died  about  a  year  after 
the  photograph  waa  taken,  (After  Free* 
man). 
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Wood  that  has  been  invaded  by  such  f  un^ri  is  reduced  to  the 
state  called  punk:  that  is,  the  wood  fibers  and  arrangement  in  vessels 
to  which  the  timber  owes  its  stren^^th,  are  broken  down  by  the 
invasion  of  the  fungus  which  flourishes  at  the  expense  of  this  viroody 
tissue.  There  is  no  help  for  timber  after  it  has  once  been  attacked 
by  rot  fungi.  Whatever  preventive  measures  are  taken  must  precede 

the  attack.  The  most 
effective  means  of 
timber  preservation 
is  to  cause  it  to  be 
injected  or  permeat- 
ed with  creosote  or 
other  antiseptics. 
This  is  done  by  plax> 
ing  the  timbers  in 
vats  containing  the 
solution  and  extract- 
ing the  air  from  the 
timbers  so  far  as 
possible.  The  per- 
manence of  the 
effects  of  such  tim- 
ber treatment  de- 
pends .  upon  the 
resistance  offered  by 
the  material  used  to 
gradual  solution  by 
water.  In  the  case 
of  creosote  the  re- 
sults are  quite,  satis- 
factory; withchlorid 
of  zinc,  subsequent 
solution  takes  place 
too  readily,  while 
with  crude  petroleum  there  is  a  tendency  toward  the  evaporation  of 
this  substance  when  injected.  The  increasing  cost  of  timber  will 
stimulate  timber  treatments  by  making  treatment  profitable.  One 
drawback  at  present  is  the  necessity  to  import  creosote  for  use  in 
such  work;  possibly  refiinery  by-products  from  petroleum  of  a 
character  analogous  to  asphaltum  may  find  application  in  timt>er 
treatment. 


Flff.  8C  Pruitiar  bodies  of  the  fatty  PboUota  {Pkoiiota  adipo*a\ 
Id  a  woond  of  an  oak  tree  trunk.    (After  Freeman). 
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ATMOSPHERIC  CONDITIONS  AS  AFPBCTINQ  PLANT  DISEASES 

The  relattion  between  weather  and  the  prevalence  of  certain 
plant  diseases  has  been  often  recorded.  The  diseases  which  prevail 
are  none  the  less  parasitic,  the  difference  exists  solely  in  the 
temperature  and  moisture  conditions  of  the  atmosphere.  Here  we 
must  distinguish  clearly  between  the  cause  of  the  diseases  and 
the  cofiditions  which  favor  the  given  diseases. 

Certain  parasitic  fungi  develop  more  rapidly  under  cooler  con- 
ditions than  the  nor mal  or  average  while  others  are  favored  by  higher 
temperatures;  all  fungi  are  favored  by  large  amounts  of  moisture 
when  these  stop  short  of  water  immersion  and  shutting  out  the 
needed  air.  In  temperature  we  have  an  optimum  which  usually  lies 
within  certain  maximum  and  minimum  limits  for  any  given  species, 
but  this  temperature  optimum  varies  with  the  organism;  it  is  a 
matter  which  admits  of  exact  determination  for  any  organism.  As 
to  moisture,  an  abundant  supply  of  water  is  the  optimum  for  most 
fungi  with  which  we  deal  in  plant  disease  investigations. 

In  these  atmospheric  conditions  of  temperature  and  moisture 
the  seasons  of  the  year,  in  our  climate,  vary  one  with  another.  The 
seasons  of  heayy  rainfall  are  commonly  those  of  low  temperatures  by 
reason  of  the  check  on  temperatures  exerted  by  evaporation. 
Further,  our  weather  service  records  show  a  tendency  for  our 
seasons  to  come  in  groups  of  cooler  alternating  with  groups  of 
warmer  seasons;  that  is,  we  may  have  several  years  as  with  1904  to 
1907  (excepting  parts  of  1906)  in  which  the  mean  monthly  tempera- 
tures of  those  months  which  affect  crops  were  decidedly  below  the 
normal  or  average.  Evidently  this  normal  lying  as  it  does  between 
the  extremes,  is  surpassed  by  the  warmer  seasons  which  are  said  to 
be  above  normal.  We  have  likewise,  other  alternating  groups  of 
years  in  which  the  season's  temperatures  are  decidedly  above  the 
normal. 

The  effects  of  these  cool  seasons  upon  diseases  are  most  clearly 
shown  in  outbreaks  of  leaf-cun  ol  the  peach  and  plum  bladders  in 
early  season,  and  of  potato  late  blight  and  rot,  Phytophthora  infes^ 
tanSf  upon  the  potato  crop.  It  is  understood  that  plenty  of  moisture 
is  the  usual  accompaniment  of  a  cool  season;  from  the  combined 
effect  of  this  supply  of  moisture  and  cool  weather  we  have  outbreaks 
of  the  potato  disease  even  in  northern  Ohio  where  it  does  not  appear 
certainly  to  survive  from  year  to  year.  Such  groups  of  cool  seasons 
culminate  as  a  rule  in  particularly  injurious  outbreaks  of  the  potato 
Phytophthora  with  us;  in  more  northerly  situations,  the  disease  is 
present  nearly  every  season,  but  the  outbreaks  culminate  with 
favorable  weather  conditions  of  excessive  rains  and  lowered 
temperatures. 
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Stress  has  been  laid  upon  the  downy  mildew  of  potato  and 
cucumber  respectively.  It  must  not  be  inferred  that  other  diseases 
do  not  offer  like  contrasts  between  dry,  hot  seasons  and  those  of 
heavy  precipitation  and  low  temperatures  accompanied  by  relatively 
high  atmospheric  humidity.  Mention  has  already  been  made  of  the 
Crreater  prevalence  of  the  shot-hole  disease  of  the  plum  and  leaf-spot 
of  cherry,  Cylindrosporium  padi^  in  rainy  seasons  over  drier  ones. 
The  same  facts  will  apply  with  respect  to  practically  all  external 
parasites  of  plants  as  in  the  scab  fungus  on  the  apple,  the  rot  of 
plum,  cherry  and  peach,  and  to  the  countless  number  of  foliage 
diseases  with  which  we  deal  from  year  to  year. 

Contrasting  with  the  potato  Phytophthora  is  the  allied  disease 
of  curcurbits,  the  downy  mildew,  Ptasmopara  cubensis^  which 
appears  to  flourish  during  our  hot  seasons  and  to  disappear  during 
the  cool  ones  where  grouped  as  above  described.  The  writer  has 
suggested  that  this  Plasmopara  does  not  survive  in  our  climate  but 
is  carried  northward  each  year  by  its  conidia  alone;  the  extent  of 
spread  vnll  thus  be  limited  by  the  length  of  period  favorable  to  it. 
This  period  must  be  one  of  relatively  high  temperatures  since  this 
parasite  is  more  widely  distributed  near  the  tropics.  All  these 
instances  only  make  more  clear  the  intricacies  of  the  mutual 
adaptations  of  parasite  and  host  which  have  resulted  from  the  long 
periods  in  which  these  dwell  together. 

MEAN  SUMMER  TEMPERATURES  AND  RAINFALL  IN  OHIO,  1883-1909 
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The  blade  blight  of  oats,  a  bacterial  disease,  has  been  found  to 
be  much  influenced  if  not  largely  controlled  by  atmospheric  con- 
ditions and  perhaps  more  especially  those  of  the  earlier  summer. 
These  factors  have  been  recently  presented  by  a  bulletin  of  this 
Department  (See  Bulletin  210).  This  publication  contains  a  fuller 
table  with  respect  to  early  summer  atmospheric  conditions.  The 
develepmenv  of  the  Fusarium  blight  and  dry-rot  f ungxis  as  a  wide* 
spread  and  serious  disease  of  potato  plants  causing  premature  dying 
and  reduced  yields  is  of  interest  here.  The  outbreaks  in  Europe 
seem  to  be  associated  with  atmospheric  conditions  in  spring  and 
early  summer.    We  need  fuller  studies  on  these  inter-relations. 

Insistence  is  here  again  made  upon  the  observed  relations 
between  atmospheric  conditions  and  parasitic  diseases  of  plants  that 
the  grower  may  be  stimulated  to  greater  effort  at  close  observation 
when  the  need  exists  and  the  student  may  be  aided  in  his  interpre- 
tation of  the  vast  array  of  apparently  inconsistent  and  complex  facts 
by  which  he  is  to  be  instructed. 

RBMBDIBS  FOR  PLANT  DISBASES-PUNQICIDBS 

In  no  other  line  of  applied  science  has  America  made  more  rapid 
progress  than  in  the  matter  of  plant  disease  remedies.  While  the 
general  doctrine  of  parasitism  and  the  transmission  of  parasitic 
diseases  are  thoroughly  investigated  and  widely  published  in  Europe, 
the  application  of  remedies  and  the  interest  in  disease  prevention 
fall  much  behind  the  practices  in  America.  Indeed,  the  writer's 
attention  was  in  1908-9  forcibly  called  to  this  matter  by  the  statement 
of  a  prominent  American  Pathologist  as  to  the  relatively  ^eat 
advancement  in  America  ovei  the  old  world  in  this  regard.  Prob- 
ably this  greater  pr(^;ress  is  due  to  the  greater  readiness  with 
which  Americans  engaged  in  crop  production,  accept  the  teachings 
of  scientists  and  make  practical  applications  of  the  results  obtain  ed. 

Among  remedies  for  plant  diseases  we  must  include  all  treat- 
ments which  tend  to  restrict  or  prevent  the  recurrence  of  diseases, 
that  is,  all  treatments  which  remedy  infections  or  limit  the  spread 
of  parasitic  attack. 

SBBD  AND  son.  TRSATMBNT 

Seed  and  soil  treatments  naturally  belong  here;  while  somewhat 
fall  discussion  has  been  given  on  pages  342-345,  it  is  necessary  to 
recall  the  measures  employed  in  seed  treatments  as  well  as  in 
soil  disinfections.  In  the  seed  treatments  high  temperatures,  as  in 
the  hot  water,  or  the  application  of  a  germicide  as  in  solutions  of 
formaldehyde  are  applied  to  the  seed  grain  to  destroy  adhering 
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spores.  In  the  treatment  of  tubers  and  roots  as  the  potato,  etc, 
longfer  soakings  with  solution  of  formaldehyde  or  corrosive  sublimate 
are  required  to  kill  not  only  external  spores  but  resting  forms  of 
fungi  such  as  sclerotia,  etc. 

With  soil  treatments,  we  have  the  problem  of  killing  out  soil 
infesting  organisms  such  as  nematodes  or  eel  worms  and  Rhizoctonia^ 
Botrytis,  lettuce  drop,  etc.,  among  the  fungi.  All  these  results  are 
obtained  by  thoroughly  steaming  the  soil.  In  a  measure  the  same 
results  are  also  obtained  from  a  formaldehyde  drench  as  elsewhere 
described. 

Fumigation  for  the  destruction  of  seed  infesting  fungi  or  cutting- 
infesting  insects  is  of  the  same  character  and  must  be  named  h^re* 
The  fumigation  of  nursery  cuttings  with  hydro-cyanic  gas  is 
effective  as  is  also  the  fumigation  of  stored  grain  with  carbon 
bisulfid.  We  must  also  consider  that  wound  coverings  are  methods 
of  prevention  in  plant  disease,  since  these  coverings  of  asphaltum 
creosote,  gas  tar,  paraffine  and  even  of  paint  serve  the  purpose  of 
excluding  wound  fungi  which  might  otherwise  cause  serious  decaya. 
All  these  treatments  that  have  just  been  enumerated  apply  to  the 
treatment  of  the  soil  or  of  seeds  and  plants  in  resting  condition* 
The  great  problem  of  keeping  down  infection  during  the  growing: 
period  yet  remains  for  the  application  of  spray  mixtures. 

SPRAYING  VnXH  PUNQiaDBS-INSOLUBLB  COPPBR  COMPOUNDS 

The  progress  made  in  the  control  of  plant  diseases  throufirh 
sprays  since  Millardet's  discovery  of  Bordeaux  mixture  (bouillon 
bordelaise)  near  Bordeaux,  France,  in  1883  shows  how  great  was 
then  and  is  still,  fhe  need  for  effective  fungicides.  The  materials 
from  which  Bordeaux  mixture  is  made  consist  of  copper  sulfate 
(blue  vitriol)  calcium  oxid  and  hydroxid  (caustic  lime)  and  vt^ter. 
In  the  making  of  the  mixture  the  copper  sulfate  is  dissolved  in  water 
and  should  be  diluted  with  a  considerable  amount  of  water;  the  lime 
is  slaked  or  converted  into  lime  putty  from  which  a  milk  of  lime  is 
P'-epared.  These  two  mixtures  with  the  copper  sulfate  in  aqueous 
solution  and  calcium  hydroxid  in  suspension,  mixed  together  msdce  a 
chemical  reaction  by  which  the  calcium  in  the  lime  displaces  in  part 
the  copper  in  the  copper  sulfate,  forming  on  one  hand  calcium  sul* 
fate  or  gypsum,  and  on  the  other  the  various  combinations  of  lime 
with  the  metallic  copper  thus  liberated.  The  actual  reactions  have 
been  variously  interpreted.  More  recent  investigations  show  that 
several  basic  sulfates  of  copper  and  lime  are  produced.  Whether 
any  hydroxid  of  copper  is  produced  has  been  questioned  by  Picker- 
ing, an  Bnglish  investigator.  The  light  blue  color  is  due  to  suspended 
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pairticles  of  these  compounds  which  are  evidently  the  efiPective  a<yent8 
in  f  ungricidal  action.  These  insoluble  light  blue  copper  compounds 
^whicb,  in  this  divided  condition,  are  held  in  suspension  in  the  liquid 
frive  it  the  characteristic  color.  The  essential  needs  in  making 
Bordeaux  mixture  are  the  presence  of  enough  or  even  an  excess  of 
the  base,  calcium  (lime),  so  that  none  of  the  copper  will  remain  in 
soluble  form  as  sulfate.  This  on  the  other  hand  involves  the  more 
or  less  complete  change  of  the  soluble  copper  into  relatively  insol- 
uble, blue-colored  copper  compounds  of  another  sort. 

The  philosophy  of  spray  action  is  based  first  of  all  upon  the 
abeenceof  injurious  effects  from  the  lime  products  and  from  the 
copper  compounds  produced,  when  sprayed  upon  green  foliage.    In 
the  second  place,  upon  the  effectiveness  of  these  insoluble  copper 
compounds  through  solution  in  the  presence  of  moisture  and  carbon 
dioxid  in  the  atmosphere,  to  destroy  or  prevent  the  growth  and 
development  of  parasitic  fungi.    The  time  during  which  these  insol- 
uble copper  compounds  will  be  effective  must  depend  upon  the  rate 
of  growth  in  the  plant  parts  and  the  adhesiveness  of  the  application. 
The  essential  feature  to  be  remembered  is  this;  the  insoluble  or 
slowly      soluble      copper      compounds       become      available      by 
solution  as  needed.    Where  excess  of  fungicide  is  employed  this  has 
a   certain  danger   upon  apple    or   other    foliage    during    showery 
weather  and  in  all  cases  the  strength  is  adapted  to  the  host  crop. 
Coincident  with  the  spraying  period  there  is  frequent  complaint 
of  injury  to  apple  foliage.     Here  we  have  solution  effected  more 
rapidly  than  is  safe  for  the  host;  normally  this  risk  is  slight,  but 
may  be  overcome  by   neceaisary   modifications.    Another  matter  is 
the   amount,  the  number  of  gallons  of  the  given  fungicide  to  use; 
mth  more  complete  spraying  appliances  and  high  pressure  of  appli- 
cation, larger  amounts  and  more  complete  covering  of  the  parts  are 
the    rule.     Recent   results  show  that  when  the  amount  of  copper* 
in  the  mixture  is  near  to  the  danger  line  these  heavier  applications 
increase  the  risk. 

In  the  early  translations  from  the  French  the  strength  of  Bor- 
deaux mixture  was  placed  higher  than  is  now  the  practice.  For 
Ohio  the  following  formula  has  been  the  rule  for  many  years: 

STANDARD  BORDEAUX  MIXTURE 

Copper  sulfate  (blue  Titriol) 4  pounds. 

Caustic  lime  (unslaked) 4  pounds. 

Water  to  make SO  gallons. 

This  is  a  4-4-50  formula — a  2-2-50  formula  is  also 
used  at  times. 

In  making  Bordeaux  mixture,  the  copper  sulfate  may  be  dis- 
solved in  hot  water  (about  2  gallons)  or  better  by  suspending  the 
sulfate  contained  in  cheese-cloth  sack,  in  a  large  vessel  of  cold  water. 
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By  using  large  quantities  of  both  blue  vitriol  and  water,  say  50 
pounds  of  copper  sulfate  and  SO  gallons  of  water,  a  stock  solution 
may  be  prepared,  so  that  each  gallon  will  contain  one  pound  of  the 
blue  vitriol.  In  each  case  the  solution  of  copper  sulfate  should  be 
diluted  say  to  one-half  of  tank  capacity  before  admixture  with  the 
milk  of  lime. 

The  quicklime  is  slaked  and  then  stirred  to  make  milk  of  lime, 
adding  water  as  needed  to  do  this.  The  necessary  amount  of  this 
milk  of  lime  should  be  diluted  to  about  40  or  SO  percent  of  the  tank 
capacity  and  then  run  into  a  mixing  tank  with  equal  flow  of  corre- 
sponding volume  of  copper  sulfate  solution  before  same  is  run  into 
spray  tank  or  barrel. 

All  Bordeaux  mixture  formulae  are  useful  as  a  vehicle  in  which 
arsenical  sprays  are  added  to  serve  as  insecticides. 

THB  USB  OP  STICKBRS  IN  SPRAY  MIXTURES 

Some  experiments  made  in  different  parts  of  the  country  have 
shown  beneficial  results  from  the  use  of  other  materials  added,  such 
as  sugar  solution,  soap,  resin  soap,  etc.,  to  increase  the  adhesiveness 
of  the  spray.  In  some  spraying  experiments  by  the  Entomological 
Department  of  this  Station,  laundry  soap  was  used  effectively  as  a 
sticker  to  hold  arsenical  compounds  in  checking  the  berry  worm  or 
grape  worm  (See  Circular  No.  63). 

The  writer  has  proposed  a  modification  of  Bordeaux  mixture 
which  has  been  called  "Bordeaux  Mixture  and  Iron  Sticker.*' 

The  following  formula  has  been  recommended: 

BORDEAUX  MIXTURB  AND  IRON  STICKBR 

Copper  sulfate  (blue  Titriol) 2  pounds. 

Iron  sulfate  (copperas) 2-4  pounds. 

Caustic  lime 4-6  pounds. 

Water  to  make SO  gallons. 

In  this  spray  the  iron  sulfate  is  added  in  order  that  it  may  be 
precipitated  by  the  lime  and  serve  as  a  more  complete  sticker  than 
is  provided  by  the  standard  Bordeaux  mixture.  It  would  appear 
possible  by  the  weak  solution  as  given  for  the  copper  compound  and  by 
this  possible  efficient  sticker  to  make  the  reduced  amount  of  the 
copper  sulfate  do  the  work  as  fungicide  just  as  effectively  and  ymtlk 
less  risk  of  foliage  injury  than  with  the  standard  Bordeaux  mixture. 
The  trials  made  up  to  this  time  upon  apples  in  full  foliage,  apon 
grapes  and  upon  potatoes  indicate  that  the  spray  is  efficient*  Tlie 
iron  sulfate  is  not  considered  ajunsicide. 
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80UJBLB  COPPBR  COMPOUNDS  A8  8PRAY8 

Whenever  it  becomes  necessary  to  continue  spraying  upon 
fruit  as  ripenini:  approaches  a  more  soluble  copper  compound  than 
Bordeaux  mixture  must  be  employed  or  the  spray  will  remain  upon 
the  fruit  at  marketing.  The  remaining  spray,  if  excessive,  injures 
the  marketable  character  of  the  crop.  Various  sprays  have  been 
proposed  for  use  at  these  critical  times.  The  call  for  them  has 
come  in  keeping  down  the  black-rot  on  the  grape  ana  in  the  control 
of  the  several  late  season  diseases  of  fruit,  like  the  bitter-rot  and 
black-rot  of  apple.  The  most  satisfactory  soluble  copper  sprays 
appear  to  be  ammoniacal  solution  of  copper  carbonate  or  Soda  Bor- 
deaux mixture. 

For  the  former  the  following  formula  is  given: 

AMMONIACAL  SOLUTION  OP  COPPBR  CARBONATB 

Copper  carbonate 6  ounce*. 

Ammonia about  3  pints. 

(Enough  to  dissolve  the  copper  carlxmate  and  no  more). 
Water  to  make 50  gallons. 

This  is  an  effective  spray  made  according  to  formula  for  the 
late  applications  upon  grape  and  upon  apple  as  maturity  approaches. 
It  is  to  be  understood  that  this  formula  is  not  intended  to  make 
'^eauceleste''  which  is  a  different  preparation.  No  more  than  enough 
ammonia  is  added  to  convert  the  copper  carbonate  from  insoluble  to 
soluble  form  in  the  presence  of  water.  A  soluble  salt  of  ammonia 
and  copper  is  really  produced.  The  proper  times  at  which  to  make 
.applications  of  fungicide  as  sprays  has  been  carefully  worked  out  in 
practice  and  directions  are  included  in  the  spray  calendars.  There 
is  a  good  reason  in  nearly  every  case  for  making  the  applications  at 
the  time  recommended,  since  these  sprays  are  timed  to  check  the 
development  of  the  parasite;  if  put  on  too  long  in  advance  the  spray 
may  be  displaced,  if  put  on  too  late  the  damage  will  occur  without  a 
possible  means  of  prevention.  All  sprays  as  stated  before  are  made 
in  anticipation  or  in  advance  of  actual  danger  from  parasitic  diseases. 

SULPUR  COMPOUNDS  AS  PUNGICIDBS 

Various  preparations  of  the  sulfids  of  alkalis  and  alkaline  earths 
have  been  proposed  as  fungicides.  A  larger  use  has  been  made  of 
the  lime-sulfur  formulae  which  have  come  into  use  largely  for  check- 
ing scale  insects.  These  mixtures  are  made  by  boiling  together  caustic 
lime  and  flowers  of  sulfur  in  the  presence  of  water.  By  this  heating 
process  a  combination  is  effected  between  the  calcium  and  the  sulfur, 
and  sulfids  of  various  compositions  are  formed.  For  practical 
purposes  the  color  reactions  are  used  as  a  guide.  This  spray  applied 
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in  the  dormant  period  or  just  as  the  buds  are  swelling  is  effective 
afi^ainst  the  scale  insects  and  is  also  efficient  as  a  fungicide.  The 
lime-sulfur  has  very  largely  displaced  other  fungicides  against  leaf- 
curl  of  the  peach.  More  recently  the  self-boiled  lime-su3f  ur  formula 
has  been  proposed.  It  promises  to  be  effective  upon  peach  trees  in 
foliage.  This  is  a  much  more  dilute  formula  than  the  one  used  upon 
dormant  trees;  both  are  described  in  the  spray  calendar.  Latterly, 
various  dilutions  of  the  lime-sulfur  residues  formed  when  lime  and 
sulfur  are  boiled  together,  have  come  into  use  as  sprays  for 
orchard  use. 

SOLUTIONS  FOR  SEED  TREATMENTS  AND  DISINFECTION: 
PORMALDBHYDB  SOLUTIONS 

Formaldehyde  in  40  percent  solution  is  obtained  upon  the  market. 
Solutions  of  this  40  percent  compound  in  water  are  effective  in  seed 
and  soil  treatments  and  for  disinfection.  The  following  are  standard 
strengths: 

For  oats  and  wheat,  1  lb.  or  pint  40%  formaldehyde  to  40  or  50  gals,  water. 
For  potato  scab  and  rosette,  }i  p^nt  of  formaldehyde  to  15  gals,  water. 
For  onion  smut,  1  lb.  of  formaldehyde  to  25  or33>4  gals,  of  water. 
For  soil  drench,  2  to  4  lbs.  of  formaldehyde  to  50  gals,  of  water. 

CORROSIVE  SUBLIMATE  SOLUTION 

For  treatment  of  potato  tubers  and  for  laboratory  disinfection, 
mercuric  chlorid,  corrosive  sublimate,  is  used  as  follows: 

Corrosive  sublimate 2  ounces. 

Water  lS}i  gallons. 

QASBOUS  DISINFECTION  WITH  PUNGICIDBS 

Latterly  the  methods  used  for  the  disinfection  of  houses  wherein 
patients  have  suffered  from  contagious  diseases  such  as  diphtheria, 
scarlet  fever,  etc.,  have  been  extended  to  the  treatment  of  plant 
diseases.  The  following  formula  of  the  Maine  Board  of  Health  is 
applicable  to  the  details  below  given: 

FORMALDEHYDE  GAS 

Commercial  A0%  formaldehyde 3  pounds. 

Potassium  permanganate  crystals ^ 23  ounces. 

Sufficient  for  luOO  cu.  ft.  of  space  occupied  by  crates  or 
trays. 

The  following  suggestions  from  the  sprav  calendar  of  1908  virill 
be  helpful  to  students  or  experimenters  who  have  not  access  to  other 
literature: 

"Enclose  open  tiers  or  piles  of  slat  crates  filled  with  dry  onions^ 
potatoes,  etc.,  in  tight  room  or  oiled  tent  of  canvas  buried  in  earth 
about  the  base.    Generate  the  formaldehyde  gas  in  a  flat  bottomed 
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dish  or  pan  of  adequate  capacity  by  placing  one  of  the  materials,  as 
the  liquid  formaldehyde,  in  the  pan,  and  adding  the  other  the  last 
thmg  before  retiring.  Then  close  tight  and  allow  to  remain  closed 
24  to  48  hours. 

Proportionate  or  multiple  unit  amounts  may  be  taken  for 
smaller  or  larger  enclosed  spaces.  Applicable  to  fumigation  of  seed 
potatoes  for  scab,  sweet  potatoes  for  rot  troubles  and  to  newly 
gathered,  dry  onions  before  storing  for  winter. 

For  grain  elevators  to  disinfect  against  conditions  there  or  for 
mass  treatment  of  seed  oats  and  wheat  a  similar  use  is  made  of 
formaldehyde  gas. 

ROT  DISEASE  LOSSES  IN  STORAGE 

No  sharp  line  can  be  drawn  between  diseases  of  edible  plant 
products  which  usually  infect  these  crops  previous  to  harvest,  and 
the  rots,  niolds  or  decays  in  such  fruits  and  vegetables  during 
storage.  It  has  seemed  best,  for  this  reason,  to  insert  here  a  brief 
discussion  of  these  storage  troubles  which  apply  to  products  grown 
in  our  region.  We  can  scarcely  be  called  on  to  present  the  facts 
concerning  the  diseases  of  citrus  fruits  in  storage  or  in  transit. 

All  growers  of  fruits  and  vegetables  in  our  state  are  liable, 
however,  to  have  had  losses  from  rots  of  fruits  and  vegetables  during 
storage  upon  the  farm.  In  the  more  recent  custom  of  concentrating 
such  storage  products  in  cold  storage  plants,  especially  constructed 
for  that  purpose,  the  problem  has  only  been  transferred  or  trans- 
planted: the  difficulties  have  not  been  entirely  overcome. 

For  the  fruits  known  as  perishable,  namely,  for  peaches,  plums, 
cherries  and  grapes,  the  custom  of  brief  storage  has  become  well 
established;  the  rots  or  other  injuries,  such  as  those  that  come  from 
crushing,  are  well  known.  The  storage  rots  are  not  different  from 
khose  commonly  found  in  the  orchards — indeed,  they  are  usually 
the  common  soft-rot  of  stone  fruits,  Monilia  fructigena.  Storage 
ST  transit  losses  from  it  are  but  an  accentuation  of  orchard  con- 
ditions. Also  with  the  stone  fruits,  as  a  result  of  bruising  and 
shipment,  we  have  various  of  the  common  molds  which  develop  on 
the  bruised  surfaces.  The  more  usual  ones  are  the  common  bread 
mold,  Mucor^  the  blue  mold,  Penicillium^  or  the  almost  equally 
frequent  form  of  green  mold,  Aspergillus.  None  of  these,  how- 
ever, is  likely  to  penetrate  very  deeply  and  be  a  serious  enemy  of 
these  fruits.  This  arises,  however,  not  so  much  out  of  the  lack  of 
ibility  to  injure  by  these  mold  attacks,  as  from  the  very  brief  period 
of  time  which  these  tender  skinned  stone  fruits  are  held  before 
consumption.    As  has  been  pointed  out  by  Powell  and  Smith,  the 
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same  common  molds,  including  especially  Penicillium,  possibly  with 
the  aid  of  others,  are  sources  of  serious  loss  in  the  handling  of  citms 
fruits — oranges,  lemons,  etc.,  during  their  prolonged  periods  of 
transit  and  storage. 

In  the  case  of  grapes  the  losses  are  almost  altogether  due  to 
breaking  of  the  skin  following  which  molds  and  bacteria  are  liable  to 
appear  under /avorable  conditions. 

STORAQB  ROTS  OP  APPLBS  AND  PBAR8 

With  apples  the  commonest  storage  rot  for  our  district  is  doubt- 
less also  the  commonest  orchard  rot,  namely,  black-rot,  due  to  the 
black-rot  fungus,  Sphaeropsis  malorum  Berk.  All  are  familiar  with 
orchard  conditions  liable  to  prevail  at  ripening  time.  This  fungus 
is  generally  found,  especially  in  orchards  of  mixed  varieties,  because 
some  sorts  are  commonly  attacked  by  it.  The  same  fungus  causes 
cankers  upon  branches  of  the  susceptible  varieties  and  is  usually 
well  distributed  over  orchi^rds.  The  punctures  of  wornfs  or  of  bees, 
or  wounds  caused  by  mechanical  injuries  such  as  occur  in  wind-falls, 
and  the  various  drops  at  picking  time,  afford  easy  entrance  for  the 
fungus.  In  consequence  we  must  expect  that  the  fruits  which  have 
been  in  any  way  punctured  or  injured,  have  also  been  exposed  to 
infection  by  the  black-rot  fungus.  Such  infected  fruits  are  very 
liable  to  rot  because  of  the  progress  of  the  fungus,  if  conditions  are 
favorable.  The  high  temperatures  of  storage  sheds  and  ordinary 
freight  cars  during  October  and  early  November  in  our  climate,  are 
such  as  favor  its  development. 

In  the  light  of  our  present  knowledge  the  best  we  can  do  is  to 
transfer  fruit  as  soon  as  possible  to  storage  where  the  temperatures 
are  low  enough  to  restrict  the  fungus.  It  follows  without  sayin^:, 
that  good  results  are  obtained  only  from  absolutely  sound  fruit,  and 
the  low  temperatures  of  cold  storage  houses,  42  degrees  or  below, 
may  be  relied  upon  to  check  this  rot  to  a  very  large  extent,  provided 
only  sound  fruits  are  placed  in  storage. 

Naturally  the  -discussion  which  follows  under  the  storage  of 
onions  will  raise  the  question  here  as  to  the  practicability  of  gaseous 
disinfection  of  apples  by  the  use  of  formaldehyde  gas.  It  would 
seem  possible  under  favorable  weather  conditions  when  fruit  can  be 
gathered  dry  and  brought  into  storage  houses  in  that  condition,  to 
disinfect  the  fruits  by  the  formaldehyde  gas  method.  Of  course  it 
follows  that  the  period  of  disinfection  will  be  brief  in  order  that 
little  or  no  gas  wiU  be  absorbed  by  moist  or  exposed  fruit  surfaces, 
since  formaldehyde  is  objectionable  in  foodstuffs.  The  time  of 
fumigation  may  not  need  to  be  more  than  about  half  that  used  for 
potatoes  or  onions,  and  the  strength  of  the  formula  may  even  be 
modified.  The  aim  would  be  the  destruction  of  external  spores,  etc, 
which  certainly  are  a  menace  at  all  times. 
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The  bitter-rot  fun^rus,  (^Glomereluz  rufomaculans  (Berk.)  Von 
Scbrenk)  may  also  develop  in  storage  apples  where  these  have  become 
attacked  by  it  before  harvest.  The  bitter-rot  may  be  more  common 
Qpoa  late  summer  and  fall  varieties  in  transit,  than  in  ordinary 
winter  storagre.  Certain  sweet  apples,  such  as  Bentley  Sweet,  are 
very  susceptible  to  bitter-rot  losses  instorag^e.  Cold  stora^re  temper- 
atures hold  back  the  development  of  the  fungrus,  but  cannot  disinfect 
the  diseased  fruits. 

Pear  rots  with  us  are  almost  exclusively  those  which  occur  in 
the  orchard.  The  leaf-spot  f  ungrus  {Entofnosi>orium  tnaculatutn  Lev.) 
also  attacks  the  fruits  of  pear  and  may  become  a  source  of  loss  in 
storagre.  This  applies  more  particularly  to  inferior  grades  of  fruit. 
Pacific  coast  fruit  which  is  shipped  to  our  district,  may  further 
suffer  from  some  of  the  ordinary  molds  which  find  access  to  the 
fruit  entirely  through  bruised  or  other  injured  areas. 

The  brief  storage  of  quinces  usually  does  not  lead  to  much 
farther  development  of  the  quince  rot.  The  fungus  in  question  is 
commonly  the  same  as  that  in  the  apple  rot,  QSpka^ro^sis  malorum 
Berk.). 

8TORAGS  ROTS  OF  POTATOBS,  ONIONS,  BTC 

With  vegetables  we  have  a  very  wide  range  of  storage  troubles. 
In  the  case  of  potatoes  we  have  two  general  types  of  rots,  namely; 
wet-rot  and  dry-rot.  The  wet-rot  of  potatoes  commonly  results  from 
two  causes,  viz.:  The  late  blight  or  rot  fungus  (^Phytophthora  infes- 
tans  D'By.)  may  be  expected  to  cause  considerable  losses  of  the 
tabers  in  storage  when  these  have  been  gathered  from  Phy tophthora 
infested  fields  and  bacteria  may  cause  rot  in  injured  tubers.  In 
Ohio,  as  stated  under  this  disease  of  potatoes,  the  late  blight  and 
rot  fungus  is  not  commonly  prevalent.  Perhaps  little  can  be  done 
to  preserve  the  tubers  from  such  fields  except  to  market  the  crop 
promptly  and  to  store  with  especial  respect  to  the  optimum  con* 
ditions.  The  best  temperatures  for  such  potatoes  will  be  warmer 
than  for  apples,  and  it  is  very  desirable  that  moisture  be  kept  as  low 
as  possible. 

A  wet-rot  of  potatoes,  purely  or  very  largely  bacterial  in  cause, 
must  also  be  dealt  with.  This  rot  bacterium  is  different  from  the  bac- 
terium of  potato  wilt,  (^Bacillus  solanacearum)  and  without  the  latter 
may  also  induce  considerable  decay.  It  is  believed  the  bacteria  pro. 
dncing  this  wet-rot  gain  entrance  through  injuries  to  the  tubers 
and  that  low  humidity— dry  storage — is  especially  desirable  in  keep- 
ing down  losses  from  this  source. 
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Dry-rot  of  potatoes  is  due  to  a  f  un^^us  {Fusariutn  oxysporum) 
which  appears  to  belong  among*  our  soil  infesting  fungi.  This 
fungus  appears  to  be  the  cause  of  premature  dying  of  the  potato 
plants  and  it  certainly  survives  in  the  tubers  from  such  infected 
plants.  At  harvest  time,  as  shown  under  dry-rot  of  potato,  tubers 
show  infection  at  the  stem  end.  Subsequently  during  storage  the 
fungus  penetrates  more  deeply  into  the  tubers  and  will  often  produce 
dry-rot  of  the  infected  tubers.  Further  descriptive  matter  concern- 
ing dry  rot  will  be  found  in  the  special  part  of  the  bulletin  under 
potato.  For  storage  of  such  infected  tubers,  as  well  as  for  the 
general  crop,  it  is  desirable  that  storage  temperatures  be  kept  about 
42  degrees  Fahr.,  or  slightly  lower. 

Sweet  potatoes  also  suffer  from  a  large  variety  of  rot  troubles. 
These  sweet  potato  rots  are  more  or  less  special  in  character  and 
since  the  crop  is  not  largely  handled  in  cold  storage,  nothing  is  here 
offered  in  addition  to  what  appears  in  the  special  part  of  the  bulletin 

ONION  ROTS  IN  STORAGE 

Onion  rots  are  a  serious  matter  with  onion  growers  and  onion  deal- 
ers as  well.  It  has  been  found  that  particular  varieties  of  onions  in  our 

climate  are  susceptible  to  special 
diseases.  For  this  reason  we 
must  consider  white  onions  such 
as  White  Silverskin,  White  King, 
etc.,  in  a  separate  class  from  the 
rots  of  red  and  yellow  onions  such 
as  the  Globe  and  Wethersfield 
varieties. 

With  the  white  onions  the 
problem  is  partly  a  field  problem 
at  harvest  time,  and  partly  one 
of  storage.  The  growers  are  in 
the  habit  of  gathering  the  white 
onions  before  the  tops  fall  and 
topping  them  immediately,  in- 
stead of  throwing   together    in 

Fie.  27.    A  white  onion  tbat   has  been  de-  hcapS  for  absorption    of    the  SUb- 

■Ixoyed  byablackneck  or  dry-rot  fungue.  SeU-  staUCe    Of    the    tOpS  by    the  OUion 

r9//lKMC4r//V0r«M  Berk.  Tbis  parasite  has  entered  *     ,.  .  •       j         •   u       • 

theonionthrouffhtheffreenneck  which  was  cut  bulbS    aS    IS    practiced    With    the 

off  at  the  time  of  harveetinKthecrop.  (Proma     riper  red   and   yellow  Varieties. 

photograph  by  T.  P.  Manna).  . 

After  topping  the  white  onions 
are  placed  in  slatted  crates,  and  these  crates  are  stacked  in  the  field 
or  in  open  sheds  where  they  are  kept  dry.  Often  the  loss  from  rot 
during  the  six  weeks  following  harvest  may  reach  60  percent  of  the 
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cron,  and  as  shown  by  investigations  in  Connecticut  and  onr  own 
stattf  it  has  not  always  been  clear  why  these  losses  are  so  large. 
Recent  investigations  by  this  department  lead  ns  to  believe  that  the 
green  onion  neck  of  white  onions  handled  in  this  way  affords  entrance 
for  the  organism  of  the  rot. 

The  sclerotium  rot  {Sclerotium  ceptvorum)  appears  to  be  the 
most  serious,  although  smudge  or  anthracnose  of  the  onion  (  Vermi' 
cularia  circinans)  may  sometimes  cause  large  losses.  Both  these  rots 
are  described  under  diseases  of  the  onion.  The  writer  believes  the 
Sclerotium  rot  is  the  larger  criminalt  and  that  both  may  be  handled 
by  disinfection  of  the  onions  in  mediately  after  harvest.  This  dis- 
infection may  be  carried  out  as  described  under  the  Maine  formula 
for  Formaldehyde  gas  treatment,  which  is: 

Commercial  40  percent  Formaldehyde » 3  pounds. 

Potassium  Permanganate  crystals „ 23  ounces. 

Sufficient  for  1000  cu.  ft.  of  space  occupied  by  crates  or 
trays.     (See  page  360). 

The  object  of  immediate  disinfection  is  to  prevent  the  entrance 
of  these  organisms,  particularly  the  sclerotium  rot,  through  the 
green  neck  of  the  newly  topped  onions.  The  exuding  juices  offer 
favorable  culture  conditions  for  the  fungus  to  develop. 

When  no  fumigation  is  practiced  following  harvest,  the  onions 
which  are  found  to  be  sound  and  delivered  for  storage  at  the  close  of 
the  season  may  very  profitably  be  treated  in  this  way  before  winter 
storage.  Both  these  rots  are  essentially  dry-rots  of  onions.  In 
addition,  sometimes,  we  have  wet-rot  of  white  onions  which  may  be 
cither  due  to  bacteria  or  to  the  same  fungus  as  the  wet-rot  of  Globe 
or  other  onions  mentioned  below. 

The  rots  of  yellow  and  red  onions  are  of  both  the  wet-rot  and 
dry-rot  types,  but  the  wet-rots  are  much  more  serious  with  these 
varieties.  Doubtless,  as  in  all  vegetables  held  for  a  long  time  in 
storage,  we  have  many  cases  of  wet-rot  in  onions  where  some  of  the 
common  decay  bacteria  are  the  chief  cause.  These  find  entrance 
through  wounds,  as  in  topping,  and,  under  conditions  favorable  for 
their  development  invade  the*tissues  of  the  onion  and  cause  decay. 

In  addition  however,  to  the  wet-rots  due  to  bacteria  of  unde- 
termined species,  we  have  a  specific  wet-rot  of  onions  due  to 
Fusarium  species.  This  wet-rot  fungus  belongs  to  the  same  group 
as  the  potato  dry-rot  and  is  liable  to  infect  soils  in  which  onions  are 
inrown  year  after  year.  Rotted  onions  will  show  external  develop- 
ments of  the  pink  fungus  and  may  be  detected  in  that  way  as  well  as 
by  nse  of  the  microscope.  The  chief  ^actors  of  control  with  onions 
of  this  kind,  are  in  the  methods  of  culture  followed  to  produce  the 
crop. 
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Dry-rot  of  red  and  yellow  onions  is  rather  rare  and  is  commonly 
referable  to  the  anthracnose  or  Vermicularia  dry-rot  fungus 
described  nnder  white  onions.  The  best  tettaperatures  for  onion 
8torai:e  are  about  38  to  42  degrees. 
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DISBASBS  OF  OHIO  PLANTS.     ARRANQBD  ALPHABBTICALLT 
ACCORDINQ  TO  HOST  PLANT 

AX#DSR 

Powdeiy  Mildews.  The  alder  suffers  from  seyeral  powdery  mildew  taogi  on 
Ifae  leaves  {Fhyllaciinia  suffuUa  8acc.»  Erysiphe  aggregata^  (Pl^)  FarL« 
Microsphaera alni  {DC*yWvDt.)  These  retard  development  as  with  other  leal 
coverings.  Alder  may  also  suffer  from  two  or  three  leaf  infecting'  diseases  such 
as  an  anthracnose  and  a  leaf-spot.  We  have  as  yet  little  data  concerning'  other 
occurrences  owing  to  the  neglect  of  the  study. 

Stem  Blights.  fVom  England  an  interesting  branch  parasite  (Ditopella 
fusispora  De  Not)  has  been  reported  by  Plowright.  This  may  or  may  not  as 
yet  occur  with  us. 

Root  Tubercles.  These  root  developments  on  the  alder  and  some  other  woody 
I^ants  are  commonly  described  as  Mycorhiza.  The  particular  organism  (Frankia 
€im$Wt3T, )  has  attracted  a  good  deal  of  attention  from  students  of  forest  problems 
in  Europe.  Investigations  of  such  growths  upon  the  roots  of  our  woody  plants  is 
very  much  needed  at  this  time  in  Ohio. 

ALPALPA..LUCBRN 

Aadmcnomt.  Two  new  anthracnoses  have  been  discovered  attacking  alfalfa; 
Hie  first  'of  these,  Colletotrichum  trifolii  B&E,  so  far  as  we  know  occurring 
exclusively  on  plants  of  this  family,  the  other,  Colletotrichum  sp. ,  occurring  only  oo  . 
alfalfa  in  northern  Ohio.  The  first  one,  which  we  may  call  clover  anthracnose, 
was  discovered  in  Tennessee  and  has  appeared  upon  alfalfa  as  well  as  red 
clover  in  the  southern  portion  of  Ohia  It  is  less  prevalent  on  alfalfa  than  upon 
the  red  clover.  Up  to  this  time  this  disease  has  not  been  discovered  upon  either 
host  in  the  northern  half  of  the  state.  The  second  anthracnose  occurred  recently 
npOQ  alfalfa  from  Sandusky  and  Carroll  counties  and  has  not  been  described. 
Both  of  these  diseaseses  show  as  a  specific  lesion  or  diseased  spot  on  the  stem  or 
leai-stalk  in  the  advanced  stages  of  attack.  Following  this  the  plants  wilt  or 
die  and  a^^  discovered  in  this  way.  The  disease  is  too  new  with  us  to  measure 
its  injuries  directly.  To  the  writer  it  appears  less  serious  than  the  dodders  or 
the  root-rot  troubles. 

Bscterial  Blight  (YeUowing).  A  bacterial  blight  of  alfalfa,  of  which  the 
causal  organism  has  not  been  definitely  determined,  has  been  reported  from 
Colorado  where  it  appears  to  be  spreading.  In  1907  and  to  a  still  greater  extent 
in  1908,  there  was  much  complaint  of  general  yellowing  of  leaves  of  second  crop 
alfalfa  in  Ohio  and  adjoining  states,  even  extending  to  North  Carolina.  The 
symptoms  were  general  yellowing  of  this  crop.  With  brighter,  drier  weather 
later  the  next  sucoe^ing  crop  was  of  normal  color.  Bacteria  have  been  found 
by  the  Assistant  Botanist  in  connection  with  this  trouble  in  specimens  from 
eight  localities  and  from  four  different  counties  in  Ohio  during  1908  and  1909. 

Downy  BdUdew.  The  downy  mildew  fungus  {Peronospora  irtfoliorum  D'By) 
has  occurred  in  Colorado,  and  is  very  liable  to  occur  in  our  state.  No  sugges- 
tion^ can  yet  be  made  as  to  its  prevention 

Leaf-Spot  Fungus.  This  forage  plant  is  grown  in  parts  of  Ohia  It  is  attacked 
by  the  leaf -spot  fuDguB{J^eudopezit  medicaginis  ( Lib. )  Sacc.)  which  is  found  upon 
both  leaves  and  stem.    The  small  dark  spots  produced  by  it  are  easily  seen.    In 
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attempts  to  produce  alfalfa  seed  at  this  Station,  the  fungus  has  stripped  the 
leaves  and  seed  capsules  before  maturity.  It  is  very  likely  to  prevent  success  in 
g^wing  this  seed  in  Ohio,  though  it  is  much  less  injurious  to  the  forage  crop 
proper  because  of  cutting  at  short  intervals. 

Root-Rot.  The  same  parasitic  fungus  (Fusarium  roseum  LiVu^Gibbrrella 
Saubineiii  (Mont.)  Sacc. )  vehich  attacks  wheat  in  the  form  of  scab  and  also  red 
clover,  has  been  found  killing  out  alfalfa  at  Wooster  (See  Bulletin  203).  This 
fungus  may  survive  in  stubble  fields  where  wheat  and  oats  have  been  grown. 
It  readily  kills  off  the  young  seedlings  of  alfalfa  and  if  the  soil  is  not  fully 
prepared  for  alfalfa  seedings,  the  root-rot  may  extend  its  work  and  further 
destroy  the  stand.  At  present  nothing  better  is  known  than  adequate 
dressings  of  lime^  preferably  raw  limestone,  for  areas  to  be  seeded,  together  with 
their  proper  enrichment.  At  this  time  warning  is  given  as  to  the  possible 
seriousness  of  this  trouble  in  the  future.  While  not  specifically  noted  in  America 
another  root-rot  fungus  somewhat  known  on  other  crops  (Rhizoctonia)  has  als<^ 
been  reported  upon  alfalfa  from  France.  Another  root-rot  fungus  iOzomuml 
omnivortim  Shear)  well  known  upon  cotton,  also  attacks  alfalfa  in  the  southwest 
I  believe  this  is  not  known  to  occur  in  Ohio. 

Rust.  Alfalfa  suffers  from  a  rust  fungus  ( Uromyces  striatus  Schroet)  and 
while  it  may  scarcely  have  appeared  in  Ohio,  it  is  almost  certain  to  do  so  in 
time.  Like  the  similar  leaf  diseases  of  red  clover,  it  may  have  rather  small 
economic  interest. 

APPLE 

Bitter-Rot  or  Anthracnose.  In  recent  years  this  fungus  (Ghmerelia  rufotnac* 
ukms  (Berk.)  Sp.  and  Von  Schr.)  has  been  investigated  and  its  survival  in  the 

mummy  fruits  and  cankered 
branches  proved.  (Bulletin  40 
Virginia  Experiment  Station; 
Bulletin  77,  Illinois  Experiment 
Station;  Bulletin  40,  Bureau  of 
Plant  Industry).  This  bitter-rot 
is  also  a  ripe-rot,  in  oommoo 
with  other  anthracnoses.  For  Ohio 
certain  varieties  are  the  chief 
sufferers;  one  of  these  ia  the 
Bentley  Sweet  grown  in  Belmon^ 
county,  another  is  the  Rambo. 
The  disease  develops  in  the  later 
season  and  it  seriously  impairs 
both  the  eating  and  keeping 
qualities.  For  its  control  the 
destruction  of  mummy  fruits  and 
Pic.  29.  An  apple  attwked  by  bitter-rot.  A  regular  attention  to  branch  cankers  ar^ 
enrvad  outline  of  the  aporea  wiU  be  obeerved,  the  conidia  necessary  in  addition  to  the  ap- 
of  the  fungus  developing  in  concentric  forma  under  suit-  plication  of  sprays.  Since  w< 
ableconditiona.    After Alwood.  ^^^^    ^^    Uf^    history     of      Um 

fungus  better  it  has  been  possibU 
to  control  the  bitter-rot  successfully  under  orchard  conditions  as  the  annual 
sources  of  infection  in  mummy  fruits  and  cankers  have  been  mastered.  In  this 
late  spraying  soluble  sprays  are  used  toward  the  end  as  with  the  black-rot  oi 
the  grape. 

Black-Rot.  The  black-rot  also  at  times  called  brown-rot,  is  apparently  meet 
common  in  the  orchards  toward  the  southern  portion  of  the  state.  The  writer  hai 
found  it  a  serious  matter  to  control  the  black-rot  fungus  (  Sphaeropsis  maiarum 
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Pk.,)  which  attacks  both  fruit  and  branches  and  is  a  bar  to  successful  maturity 
of  Northern  Spy,  Smith's  Cider  and  some  other  varieties  at  certain  times.  It 
also  invades  storage  apples  and  this  rot  is  the  most  universal  one  in  ordinary 
cellar  storage.  With  varieties  adapted  to  climatic  conditions,  methods  of  hand- 
ling by  sprays  and  destruction  of  cankers  and  mummy  fruits  should  prove  as 
effective  as  with  bitter-rot.  Unfortunately  the  varieties  which  most  commonly 
suffer  from  black-rot  are  those  growing  beyond  their  safe  range  of  conditions. 

BrovTn-Rot.  There  is  a  rarer  rot  fungus  (Sclerotinia  (Monilia)  Jruciigema 
(Pers.)  Schrt.)  than  that  of  blacU-rot,  which  also  attacks  the  apple  in  some 
parts  of  the  United  States.  For  vour  region  it  is  little  known  on  the  apple  and 
probably  less  important  than  either  of  the  preceding. 

BrovTn  Spot  or  Diy-Rot  of  Baldwin.  Very  frequent  complaint  is  made  of  small 
sunken  spots  in  fine  specimens  of  Baldwin  and  some  other  varieties.  Internally 
these  sunken  spots  are  dry  and  somewhat  bitter,  leading  to  general  breakdown 
of  the  apple.  These  spots  have  been  referred  to  a  particular  fungus,  {PhylUichora 
pomigena  (Schw. )  S ace.,)  but  the  case  is  not  proved.  This  internal  brown 
spotting  also  occurs  in  Northern  Spy  and  in  Fameuse,  and  we  hear  complaint 
of  losses  from  it.  The  causes  of  the  internal  spotting  are  probably  the  same  in 
all  cases  and  must  in  part  be  regarded  as  physiological  breakdown.  New 
Hampshire  Experiment  Station  (Bulletin  46)  succeeded  in  contrc^ling  the  form 
of  this  dry-rot  on  Baldwin  by  the  use  of  Bordeaux  mixture.  Some  irregularity 
in  results  from  spraying  for  it  have  been  recorded  elsewhere. 

Canker.  These  diseased  conditions  upon  branches  may  occur  in  the  propaga- 
tion of  bitter-rot,  but  are  more  commonly  referable  to  the  black-rot  fungus, 
{JSphaetopsis  malorum  Fk.,)  or  to  the 
blight  bacterium  {Bacillus  u  mylovor- 
us  (Burr.)  De  Toni  (See  Bui.  163, 
N.  Y.  Experiment  Station  and  Bul- 
letin 235,  Cornell  Experiment  Sta- 
tion) although  other  fungi  are 
common  in  Europe  as  the  cause  of 
canker.  Among  these  are  species 
of  nectria.  Probably  the  canker 
due  to  the  black-rot  fungus  must 
contest  with  that  due  to  the  blight 
bacterium  for  first  place  in  Ohio, 
and  its  control  is  interwoven  with 
the  control  of  the  black-rot  on  fruit 
Canker-like  dying  of  the  external 
bark  may,  and  sometimes  does, 
occur  without  immediate  penetra- 
tion to  the  inner  bark  layer  or 
injury  to  the  branch.  All  these 
cankerous  developments  are,  how- 
ever, a  source  of  danger  and  call 
for  continuous   watchfulness.    The 

conditions  of  the  fungus  attacks  are  pi,. ».    Apple  branches  .tucked  by  canker, 

tboae  of  possible  rifts  in  the  outer 

bark  followed  by  the  localizing  of  the  fungus  development.  Those  for  the  blight 
canker  are  more  extended  and  include  blossom  spurs.  (See  twig  blight  and 
pear  blight).  It  seems  probable  also  that  the  power  of  resisting  attack  varies 
with  the  vigor  of  the  branches.    Up  to  this  time  our  remedies  have  been  largely 
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the  gfeneral  ones  of  g-ermicide  sprays  with  addition  of  scraping*  off  loosened  bark 
where  possible;  for  this  purpose  a  dull  tool  is  preferable.  Some  forms  which 
mig'ht  be  called  canker  on  young*  trunks  and  on  older  branches  are  in  fact  forms 
of  winter  injury  from  freezing*.  Types  of  branch  cankers  are  somewhat  var- 
iable, but  they  are  all  matters  calling  for  close  attention. 
Collar-Rot.    (See  Sun-Scald). 

Coryneum  or  Orange  Leaf-spot.  During  1908  and  1909  specimens  of  an  orange 
leaf-spot  have  been  received,  and  a  severe  case  of  defoliation  of  apple  trees  in 
town  was  reported  from  Stark  county.  This  leaf-spot  is  a  central,  erumpent 
pustule  with  an  immediate  border  of  orange  yellow:  this  yellow  area  shades  off 
into  darlc  color  toward  the  g*reen  tissue.  Hartley  has  reported,  upon  investiga- 
tions of  the  fung-us  in  this  case,  Coryneum/ollicolum,  that  it  is  not  actively 
parasitic*  Possibly  we  have  this  fungus  following*  something  else,  after  the 
manner  that  another  fungus  follows  the  black-rot  leaf-spot  described  below.  (See 
also  rust  of  apple). 

Crown  Gall.  This  disease  is  especially  a  nursery  trouble  of  apple  and  shows 
its  effects  by  enlargements  near  the  crown  or  upon  other  portions  of  the  stem  or 
TfxyL  It  is  quite  probably  due  to  the  same  organism  (Bacterium  tumejadens 
Erw  Sm  &  Towns)  as  the  olive  knot  or  some  other  crown  gall  troubles.  Thib  is 
decidedly  an  infectious  disease  which  probably  calls  for  inspection  of  nursery 
stock,  and  for  grr^at  care  to  provide  ag*atnst  diseased  trees.  Cure  of  infected 
plants  has  not  been  secured.  There  is  great  danger  in  endeavoring*  to  grow 
nursery  stock  upon  land  which  was  once  infected  with  the  org*anism. 

Edema.  An  Edema  or  swelling*  of  apple  twigB  has  been  described  by  Atkin- 
son from  New  York  (Cornell  Station,  Bulletin  61).  This  on  closely  trimmed 
trees  on  over  fertile  soil. 

Fly-speck  Fungus  {Leptothyrium  pomi  (Mont.  &  Fr.)  Sacc.)  This  obvious 
fungus  disease  in  ordinary  seasons  appears  chiefly  upon  apples  g'rown  in  low, 

moist  situations.  Peck's  Pleasant, 
Rhode  Island  Greening,  Rome  Beauty 
and  several  other  varieties  have  been 
noted  as  affected  by  the  Sooty  Fly- 
speck  troubles  which  may  be  identical 
as  to  cause.  During*  wet  seasons,  like 
that  of  1896  and  1909,  a  few  susceptible 
varieties  are  liable  to  be  spotted  by  this 
parasite  whatever  be  the  location  of 
the  trees.  Aside  from  selecting  high, 
sunny  situations  for  the  apple  orchard, 
spraying*  with  Bordeaz  mixture  will 
prevent  this  spot.  ( See  Sooty  Fungus) 
Fruit  Blotch.  Fruit  blotch  is  a  re 
cently  described  fungus  (Phylio^Ucia 
solitariay  E.&E.)  which  causes  a  ser- 
ious spotting*  of  fruit  in  a  number  of 
ways  as  described  in  bulletins  of  the 

Flc.»,  An  apple  atfckedbythe  Fly.«>eck  "^^^^^^  and  West  Virginia  Experiment 
fuDffus.  The  sooty  funffus  is  also  abundant  on  Stations,  so  that  we  may  expect  it  to 
specimen  as  is  usually  the  case.  give   trouble   in   Ohia       As  indicated 

the  fruit  ib  attacked  by  this  spotting* 
and  in  addition  the  fungus  produces  small  cankers  on  twig*s.  Scott  has 
recently  shown  that  it  will  be  fully  controlled  by  three  or  four  sprayings  witb 
Standard  Bordeaux  mixture.     ( See  Bulletin  Bureau  of  Plant  Industry)* 
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Leaf-opot  or  Frog-esre.  There  is  a  oommon  leaf-spot  disease  of  apple  trees  in 
which  the  dead  spots  show  the  presence  of  .pycnidia.  This  trouble  is  really  due 
(9  the  black-rot  fungus  (Sphaetopsis  tnalorum  Pk  )  tmt  at  times  another  fungus, 
(Qmiotkyrium  pirini  Sacc. )»  comes  in  afterwards.  In  the  later ^  season  the 
aecood  type  develops  in  concentric  areas  to  which  the  oommon  name  of  "Prog 
Eye"  has  been  given.  Yet  other  forms  of  leaf-spot  due  to  spray  injuries  also 
occur,  but  are  easily  distinguishable  from  the  two  first  named.  It  has  been 
shown  that  control  of  the  black-rot  fudgus  keeps  the  leaf-spot  in  hand,  but  early 
treatments  should  be  made. 

Mold.  A  blue  mold  is  very  commonly  associated  with  soft  rot  of  apples  in 
storage.  The  fungus  {PenicilHum  glaucum  Lk. )  is  a  very  common  one  and  may 
be  regarded  as  associated  with  the  presence  of  decay  or  bruising,  not  as  a  first 
cause  of  rot 

Mildew.  The  powdery  mildew  (Sphaerotheca  malt  (Duby)  Burr.)  often  occurs 
vpoo.  nursery  g^rowths  of  the  apple  and  occaionally  upon  rather  thrifty  growing^ 
young  trees.  The  dense  felt-like  covering  of  the  fungus  is  usually  very  apparent 
sad  the  spreading^  of  the  fungus  upon  the  foliage  is  sometimes  noticeable.  Spray- 
ing with  fungicides  usually  keeps  the  trouble  in  check. 

Rust.  The  bright  orange  growths  of  this  rust  fungus  (Gymnosporangium 
macropus  Lk.,  etc.,  I)  are  occasionally  found  on  cultivated  apple  leaves  as  well 
as  on  leaves  of  wild  thorn  apples,  especially  where  these  are  within  reach  of  the 
cedar  trees  which  bear  the  cedar  apples.  In  1909  the  rust  attacked  apple  fruits 
in  Ohio  and  Nebraska.  These  so-called  cedar  apples  are  no  more  than  the 
development  of  the  rust  fungus  from  which  the  spores  are  spread  to  the  apple, 
Crataeg^us,  etc.  A  remedy  in  indicated  by  this  statement,  viz.,  get  rid  of  cedar 
trees. 

Root-Rot.  Serious  root-rot  troubles  have  been  reported  to  us  from  Missouri, 
Arkansas  and  Oklahoma  where  orchard  plantings  have  been  made  quite  soon 
fiDllowing'  the  clearing  of  scrub  oak,  etc.  Similar  cases  have  been  studied  in 
Ohio  wl^re  plantings  were  made  soon  after  the  removal  of  the  timber,  especially 
of  oaks.  One  is  usually  able  to  identf y  the  rhizomorphs  of  the  root-rot  fungus, 
(Agaricus  melUus  L.  (Armillaria  mellia)  and  the  characters  by  the  occurrence 
upon  orchard  trees  and  also  the  original  growth  is  usually  quite  clear.  Any 
inadequacy  of  drainage  is  very  serious  in  connection  with  root-rot.  (See  root-rot 
of  peach,  etc)*  More  recently  Von  Schrenck  has  identified  another  fungus 
( TheUpHora  galactinia  Fr. )  with  a  form  of  root-rot  which  shows  no  superficial 
symptoms  until  after  the  tree  is  dead;  it  then  shows  the  orange,  leathery  sheets. 

Scab.  Apple  scab  fungus  (  Venturta  inequalis  Aderh,  Fusicladium  dendriti* 
cmm  (^allr.)  Fuckl.)  is  a  common  source  of  large  losses  in  Ohio  apple 
orchards.  It  attacks  first  the  leaves  and  afterwards  the  young  fruit,  causing  it 
to  drop.  Aside  from  injuring  the  salability  of  the  crop  obtained  and  reducing 
tbe  vigor  of  the  tree  by  reason  of  its  attacks  on  the  folia^,  scad  may  prevent  a 
crop  ail0geiher  because  of  this  dropping  of  the  young  apples.  The  Ohio  Station 
was  in  the  van  of  progress  in  studying  this  disease,  and  the  work  has  been 
steadUy  followed  (Bulletin  Vol.  IV,  No.  9,  (1891)  B.  79,  (1897)  B.  Ill,  (1899). 
Full  details  may  be  found  in  the  various  bulletins  given.  Apple  scab  develops 
when  moisture  is  abundant  during  the  early  months  of  she  seascm,  and  low 
temperatures  are  usually  prevalent  at  such  times.  The  dropping  of  apples  often 
attributed  to  lack  of  pollination  seems  more  often  to  be  ascribed  to  the  work  of 
■cab.    All  varieties  are  attacked  by  scab  but  some  suffer  more  than  others. 
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The  profit  from  spraying-  for  scab  on  the  apple  (including  apple  wortnai 
has  generally  been  large,  because  of  saving  the  amount  of  crop  and  enhancing' 
its  market  value  at  the  same  time,  as  well  as  increasing  the  number  of  crops.  In 
this  way  the  crops  of  a  single  orchard  have  been  sold  for  a  gain  of  about  $1000 
on  an  expenditure  of  $125  to  $150.  At  the  Station  this  gain  has  amounted  to 
$5.00  per  tree  (B.  111).  The  best  fungicide  for  this  purpose  is  dilute 
Bordeaux  mixture,  or  Bordeaux  I  of  the  spray  calendar,  containing  4  pounds  of 
sulfate  of  copper  and  4  pounds  of  quicldime  to  50  gallons  of  mixture  with  water, 
or  Bordeaux  mixture  and  Iron  Sticker  consisting  of  2  pounds  of  copper  sulfate^ 
and  2  or  3  pounds  of  iron  sulfate  in  50  gallons  of  water.  The  Bordeaux 
mixture  and  Iron  Sticker  has  given  better  results  in  a  rainy  season  like  1909. 
The  first  spraying  should  be  made  just  before  the  blossoms  open,  and  upon  tbe 
young  leaves,  and  the  second  after  the  blossoms  drop,  with  additions  ot 
arsenites  in  the  second  and  in  a  possible  fourth  spraying  as  stated  in  the  spray 
calendar. 


J 


FiK.  31.    Younc  apples  mttMked  by  tbe  ecab  faofne  {rnUmria  tHtgmaiit  Aderh). 

Scurf.  The  branch  scurf  fungus  {Phyllosticta  prunicola  Sacc.)  is  believed  to 
occur  in  Ohio.  This  causes  roughening  of  the  bark,  but  no  statements  can  now 
be  made  as  to  its  possible  seriousness. 

Sooty  Fungus.  The  sooty  fungus  {Phyllachora  pamigena  Schw.)  is  often 
associated  with  the  fly-speck  fungus,  previously  described,  and  is  the  more 
unsightly   trouble   of  the  two.     In  most  seasons  the  fruit  in  low  situations  it 
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liable  to  be  rendered  unsightly   and   unssdable  by  the  spots  which  are  illus- 
trated  in    Fig.    32.     In  seasons  like  that  of  1909  the  disease  may  appear  on 

unsprayed    trees   in  practically  all   situations.     It  was  found  in  comparative 

tests  of  Bordeaux  mixtures  and  self-boiled  lime-sulfur  for   apple  scab  and  other 

fungi,  at  the  Carpenter  test  farm,  that  the  sooty  fungus  appeared  on  the  fruit  on 

the     lime-sulfur     trees.      It     is 

thought    by     several    that   this 

fungus   spreads   upon  the  fruit 

after  it  is  stored  and  at  whatever 

time  it  appears  it  renders  apples 

dull,    unsightly   and   unsalable. 

Bordeaux   mixture  or  its  modifi- 
cations  may   be  relied  upon  to 

hold  the   fungus  in  check.     One 

spraying  at  the  time  the  apples 

are  the  size  ot  hickory  nuts  may 

prevent  nearly  all  of  the  injury. 

Upon    Tarieties    like    Maiden's 

Blush,    Grimes  and  Belmont  the 

spraying  should  be  done  a  little 

earlier   than   just   stated.     The 

demonstrations  by   the    Station 

all  over  the  state,  show  clearly 

what  unprovement  the  spraying 

makes  in  the  apples   where  this 

trouble  prevails. 

Son-Scald,  Cdlar-Rot.    There 
is  frequent     complaint    of    the 

dying  of  the  tnink  of  both  young- 
er and  older  apple  trees  wherein 
there  appears  to  be  associated 
the   exposure   to    sun    and   the 
death  of  the  bark  of  the  trunk 
upon    younger    orchard     trees. 
The  freezing    injury    has    been 
carefully    worked  out  in   recent 
years    and  is    discussed    under 
winter     injuries,     with    several 
varieties  of  apples,    notably  the 
Grimes   and  King  this  trouble 
is  so  serious  over   much  of  Ohio 
as  to  reduce  the  growth  of  these 
sorts;    while   Murrill    has  sug- 
gested a  connection  between  a 
fleshy  fungus  and  this  dying  of 
the  trunks  of  the  King  the  con- 
nection has  not  been  proved.  The 
injuries  which  occur  on  the  south  and   southwest    exposures  of  the  trunk  have 
probably  a  direct  connection  with  the   danger  from  freezing  injuries.     Some 
apparent  sun-scald  is  more  probably  due  to  the  bacterium  of  pear  blight  as  has 
been  recently  proved  by  cultures  from  young  trees   by   Waite.    With  Grimes 
aad  other    varieties     susceptible   to    collar-rot  caused  by  the  bacterium  of 
pear  blight  the  only  true  relief  is  found  by   top  working  on   some  vigorous 
sort   soch    as   Baldwin,    Gano,    and    like    varieties.      In    the    case    of   true 
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Piff.  S2.  Applet  spotted  by  sooty  fundus.  Tbe  spplat 
shown  above  were  sprayed  with  Bofdeaux  mixture  fol* 
lowed  by  two  sprays  of  Bordeaux  and  Iron  Sticker.  The 
apples  shown  below  were  sprayed  first  with  Bordeaux 
mixture  and  this  was  followed  by  two  sprays  of  self- 
boiled  lime-sulfur.  In  neither  case  was  the  scab  entirely 
prevented.  The  lime-sulfur  spray  was  not  strong  enough 
to  keep  off  late  attacks  of  sooty  fungus.  From  a  photo- 
graph by  T.  P.  Manns. 
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sun-scald  the  effect  of  freezing  is  to  form  an  ice  layer  and  thus  separate  the  bark 
or  in  the  case  of  many  water  gorged  cells  to  kill  the  sap  layer.  For  f  urtlier 
discussion  in  this  line  see  winter  injury. 

Storage  Rots.  These  rots  of  the  apple  are  extremely  various  since  apples 
infected  before  storage  are  liable  to  develop  during  storage  the  forms  of  rot  due 
to  that  infection.  Even  bitter-rot  may  not  be  overlooked  in  this  way  and  much 
more  commonly  still,  black-rot  and  the  rots  which  develop  from  the  gradual 
invasion  of  molds.  It  is  found,  f uthermore,  that  bruises  upon  the  apple  or  any 
tendency  to  sun  scald  phenomona  give  dead  tissues  in  which  various  saprophytic 
organisms  that  normally  hasten  decay  will  do  their  work  with  rapidity.  It  is 
understood,  of  course,  that  the  temperatures  of  storage  will  regulate  or  control 
more  or  less  perfectly  the  rate  of  this  development  Storage  scalding  of  apples 
is  much  worse  in  some  varieties,  notably  in  York  Imperial  than  in  the  normal 
toughened  skin  types.  Ar  pres.^nt  one  can  only  suggest  the  rejection  of  those 
sorts  susceptible  to  scald  for  cold  storage  keeping. 

Twig-Blight.  This  disease  of  the  apple,  caused  by  the  bacterium  of  pear 
blight  (Bacillus  amy lovorus  Burr. ),  is  often  very  prevsdent.  The  microbe  enters 
through  the  blossoms,  being  propagated  in  the  nectar  after  infection  by  insect 
visitation.  It  destroys  the  blossoms  as  well  as  small  twig^  of  the  tree.  Beyond 
the  injuries  just  noted  this  microbe  may  gain  entrance  through  the  bark.  (See 
sun-scald).  The  twig  injury  is  not  very  great  from  this  cause  on  the  apple, 
though  the  small  dead  twigs  are  unsightly.  The  prevention  will  lie  in  the 
destruction  of  all  the  blighted  parts  on  apple,  crabapple,  pear  and  quince  treea 
in  the  yicinity.  For  fuller  discussion  see  pear  blight.  In  substance,  this  treat- 
ment consists  in  cutting  out  all  blighted  portions  in  fall  and  early  winter  and 
burning  them  to  kill  the  resting  forms  of  the  microbe.  It  seems  further  that 
well  timed,  early  spring  spray  treatments  on  pear,  etc.,  will  cover  up  or  destroy 
spores  of  the  blight.     (See  Circular  87). 

Water  C6re.  With  the  so-called  Russian  apples  and  occasionally  with  other 
varieties  as  Yellow  Transparent  and  Early  Harvest,  there  are  water  core  con- 
ditions, at  times,  which  may  result  in  subsequent  rotting.  No  ezplanatioti  is 
here  offered  as  to  cause  for  the  condition. 

Winter  Injury  (also  called  Sun-Scald).  As  previously  mentioned  there  are  a 
numt>er  of  evidences  of  injury  which  involve  the  trunks  of  apple  trees  of  all 
sizes;  they  are  many  times  due  to  freezing  injury;  while  this  name  winter  injury 
appears  at  the  beginning  of  the  paragraph  and  while  the  name  sun-scald  has 
been  applied  for  a  long  time  to  similar  conditions,  the  injuries  are  directly  due 
to  freezing,  sometimes  occuring  in  winter  and  sometimes,  as  in  October  1906,  due 
to  premature  low  temperatures.  A  conspicuous  case  occurred  in  the  fall  and 
winter  of  1906-7,  more  fully  described  in  the  bulletin  devoted  to  these  injuries  (Bul- 
letin 192).  At  that  time  as  in  other  cases  of  injury  from  freezing,  the  low  tempera* 
tures  accurred  when  the  trees  were  gorged  with  water  (sap).  In  the  fall  of  1906 
we  had  very  heavy  rainfall  with  low  temperatures  so  that  there  was  stimulus  to 
excessive  water  absorption  and  no  tendency  to  hasten  ripening  of  tissues  througli 
water  loss  and  reduced  water  content  such  as  occur  in  dry  autumn  periods. 
The  losses  of  young  trees  set  one  to  three  years,  were  very  large  in  the  winter 
of  1906;  indeed,  in  some  cases  there  was  practically  a  total  loss  as  on  slow  g^row- 
ing  varieties,  notably  the  Rome  Beauty  in  the  Station  plantation  at  Carpenter. 
In  general  at  that  time  the  typical  late  variety  of  the  northern  part  of  the  state, 
Baldwin,  and  of  the  southern  portion,  Rome  Beauty  and  the  Hilbbardson  Mrere 
most  seriously  injured.  It  is  evident  that  where  we  have  such  excessive  water 
supply  in  the  inner  bark  and  in  the  process  of  freezing,  a  layer  of  ice  crystals 
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18  formed.  There  is  great  danger  of  separation  of  the  hark  layer  from  the  wood 
at  that  time  as  at  others.  The  sun  exposed  side  seemed  to  have  sufiFered  worse 
by  reason  of  the  more  extreme  temperature  changes  which  were  incited  on  these 
exposures.  It  is  evident  that  warm  periods  in  winter  are  a  source  of  danger 
when  followed  by  low  tem- 
peratures. 

Upon  very  large  trunks 
near  the  base,  as  on 
Grimes  and  some  others, 
this  may  be  the  real  ex- 
planation of  frequent  sun- 
scald  or  basal  injuries. 
Wherever  sach  an  injury 
begins  there  is  risk  of  the 
intrusion  of  wound  fungi 
with  all  the  consequences 
which  follow  their  en- 
trance. The  handling  of 
winter  injuries  must  so  far 
as  prevention  goes  precede 
the  conditions  which  cause 
it.  Where  possible  the  pre- 
vention of  excessive  late 
growth  is  desirable.  In 
cases  of  orchard  trees  it 
may  be  that  mulches  of 
coarse  litter,  especially, 
will  prove  serviceable.  It 
may  be  added  that  this 
injury  to  woody  growths  is 
a  less  developed  phase  of 
the  killing'  back  of  herbac- 
eous plants  by  the  prema- 
ture frosts.  ^ 

Another  phase  still  is 
the  killing  back  of  branch- 
es at  the  tips  of  woody 
growth  which  are  not 
strictly  hardy  in  our  cli- 
mate.   In   the  case  of  our 

Japanese  plum  and  of  some  ornamental  shrut>s,  this  is  a  frequent  phenomenon 
and  its  cause  is  to  be  sought  in  the  same  factors  above  descrit>ed.  Growth  being 
protracted  late  in  the  season,  these  water  gorged  terminal  twigs  are  killed 
by  the  subsequent  winter  freezing  whenever  this  is  severe. 


Pir«  SS»  Jonathan  tree,  4  srean  old.  Southeastern  test  farm. 
Carpenter,  in  cultivated  portion.  Tree  of  vifo-ous  previous 
crovirth  vtfith  small  lesion  near  base  of  trunk  caused  by  freexing 
and  sprouts  from  below.  Photographed  July  20,  1906.  Prom 
Bulletin  19a. 


APRICOT 

The  apricot  is  rarely  planted  though  occasionally  is  set  in  our  Lake 
Districts.  The  chief  difficulties  there  have  been  the  tendency  to  kill  back  in 
winter.  Apricot  foliage  in  addition  is  liable  to  be  attacked  by  the  similar  leaf 
parasites  of  peach  and  plum. 
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ASH 

Trunk  Rots.  The  aah  aa  a  fores't  and  shade  tree  is  a  vigorous  grower,  bot 
it  is  often  marked  hy  the  attacks  of  timber  decays  where  these  enter  throug:ti 
wounds  or  by  means  of  the  bases  of  dead  branches.  We  have  urgent  need  for 
moie  knowledge  of  these  wound  parasites. 

Leaf-Spots  and  Rust.  I  may  also  state  that  the  foliage  of  the  ash  is  attadced 
by  rust  iPtuctnta  fraxtnaia  (Lk.)  Arth.)  but  in  the  present  state  of  our  know- 
ledge we  are  unable  to  apply  effective  remedies.  This  rust,  as  in  the  case  of 
other  rusts,  shows  by  the  presence  of  its  reddish  or  brown  colored  spore  maaaes. 
Of  leaf-spot  fungi  there  are  a  number  which  call  for  careful  study. 

ASPARAGUS 

Anthracnose.  An  anthracnose  fungxis  of  asparagus  {Colletoirichum  sp.)  i« 
Imown  in  New  Jersey  but  has  not  been  frequent,  if  present,  in  Ohio. 

Rust.  In  the  ea^t  and  in  Europe  the  rust  of  asparagus  {Puccinta  Asptiragi 
DC.)  proves  to  be  destructive,  and  it  has  finally  spread  over  Ohio. 

I  The  rust  causes   appearance  of  unusually 

early  maturing  of  the  plants.  Closely  examined 
I  the  rusted  plants  show  blister-like  spota  on 
I  skin  of  the  stem,  and  underneath  these  ruptures 

I  there  is  brown  color  due  to  the  spores.     The 

I  rust  also  assumes  another  form,  the  cluster-cup 

I  stage,  which  may  be  found  in  early  spring  with 

^  different  color  on  volunteer   plants;   indeed  the 

I  aecidial,    or  cluster-cup,    uredo    and    teleuto- 

I  spore  stages  succeed  each  other  on  the  stem. 

I  The    usual    recommendations   are  to  burn  the 

I  rusted    bushes   in   autumn  and  to  spray  with 

•^^  Bordeaux    mixture;    this    latter   ''reduces  the 

^  amount  of  rust  about  one  quarter.*'    <N.  J.^  R 

I  129).     The  Leopard  spot  of  asparagus  stems  i& 

I  apparently  not  infrequent,  and  the  anthracnose 

Ij  of  asparagus,  which  produces  very  small  specks 
Bp  upon  the  stem,  may  also  be  expected,  yet 
■  neither  of  these    colnpares    with   the   rust  in 

destructiveness,  nor  does  the  rust  of  any  otfaer 
plant  appear  to  surpass  this  in  its  ravages. 
The  Palmetto  variety  is  reported  leas  suscepti- 
ble to  rust  than  any  other  sort. 


FIff,  S4.  Atptragut  attacked  by 
rust.  Tbe  mat  causes  elongated  devel- 
opment of  the  (unffus,  both  upon  the 
■terns  and  leaves  of  the  plant. 


AZALEA 

Leaf-Spots.  This  plant  is  grown  as  an  ornamental  plant  and  whether  in 
hothouses  or  in  protected  planting  out  doors,  is  liable  to  injuries  from  leaf 
diseases.  One  of  these  is  a  leaf-spot  fungus  (Septoria  azaleae).  It  is  also 
liable  to  attack  by  a  "bladders"  fungus  upon  the  young  parts. 

BARBERRY 

Rust.  The  rust  upon  the  barberry  bush  {Aeddium  Berberidis  GmeL)  is  hot 
a  form  or  stage,  the  aecidial  or  cluster  cups,  of  the  wheat  rust  (Puccinia  grmm- 
inis  P.  rubtgO'Vera  etc.).  The  increase  of  virulence  in  the  rust  of  wheat  and 
rye,  when  grown  near  barberry  bushes,  was  long  noted  before  the  demonstrated 
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alternation  of  the  fungus  from  the  harberry  to  the  wheat  was  proved  in  our 
century  by  DeBary.  The  barberry  hedge  is  objected  to,  at  times,  by  adjacent 
wheat  growers,  although  we  continue  to  suffer  from  the  ravages  of  wheat  rust 
many  miles  from  any  barberry  bushes.  In  the  absence  of  barberry  the  rust 
sonriTes  without  it. 

BARLBY 

Rost.  In  the  west  and  northwest  there  are  two  forms  of  rust;  leaf  mst 
{Puccinta  simplex  (Koem.)  Erikss.  and  Henn.)  and  stem  rust  (Puccinta  g^ram- 
ints  Pers.).  These  rusts,  like  those  of  the  other  cereals,  have  not  yet  l>ecn 
mastered  or  controlled. 

Scab.  Barley  is  attacked  by  scab  {Fusarium  roseum  Lk.)  i^i  a  manner 
similar  to  that  which  occurs  on  wheat  and  rye..  That  the  scab  fungus  is  the 
same  for  all  grains  has  been  shown  by  recent  work  of  this  department.  (See 
Bulletin  203). 

Seed  treatment  for  the  loose  spores  and  seed  re<;leaning  to  get  out  the 
shrunken  and  scab  infested  kernels  ought  to  give  favorable  results.  (See  wheat 
scab). 

Smuts.  The  covered  barley  smut  (Ustila^o  hordei  (Pers)  Kell.  A  Sw.)  as 
well  as  the  naked  barley  smut  (Usttlago  nuda  (Jens.)  Kell.  Sl  Sw.)  both  occur 
in  Ohio,  although  barley  is  grown  less  extensively  with  us  than  in  the  west  and 
northwest.  In  the  covered  barley  smut,  the  smutted  heads  more  commonly 
remain  enclosed  by  the  upper  leaf  sheath  and  a  membrane  holds  the  smut 
masses,  while  the  spores  are  exposed  and  freely  scattered  in  the  naked  barley 
smut. 

The  modified  hot  water  treatment  for  loose  smut  of  wheat  has  been  found 
effective  upon  the  barley  smuts.  See  Farmers*  Bulletin  No.  75,  Yearbook 
U.  S.  D.  A.,  1894.     Spray  Calendar,  Bulletin  199. 

BBAN 

Anthracnose.  The  anthracnose  of  the  bean  causes  unsightly  spotting  of  both 
pods  and  growing  organs  and  is  referred  to  the  anthracnose  fungxis  {Colletotri- 
chum  Lagenarium  (Pass.)  Hals.).  This  species  is  also  regarded  as  the  same  one 
that  attacks  curcurbits,  including  cucumbers,  watermelons,  muskmelons  and 
gourds.  The  spotting  of  the  bean  pods  is  looked  upon,  too  commonly,  as  a 
natural  phenomenon.  Measures  looking  to  its  prevention  have  not  found  ready 
application  by  growers.  That  fungicides  are  effective  in  reducing  it  we  have 
reliable  testimony  (N.  J.  Exp.  Sta.  B.  108).  The  recommended  treatment  begins 
by  soaking  the  seed  1  to  2  hours  in  ammoniacal  copper  carbonate,  1  ounce  of 
copper  carbonate  to  1>^  gallons  of  water.  Bordeaux  mixture  is  to  be  sprayed 
upon  2  and  3  inch  plants,  followed  by  the  same  10  days  later,  and  again 
repeated  after  blossoming  of  plant.  The  great  thing  to  remember  is  that  this  is 
a  seed  infecting  disease.    We  must  grow  disease-free  seed.     (See  Pea). 

Bacterial  Spot.  A  bacterial  blight  has  been  reported  from  New  York  (N.  Y. 
Exp.  Sta.  B.  181)  and  New  Jersey  (Exp.  Sta.  Rept.  1892)  which  promises  more  or 
less  injury.  In  this  malady  the  diseased  parts,  leaves,  pods,  etc.,  show  char- 
acteristic, often  watery  spots.  It  is  less  prevalent  on  fresh  land.  The  organ- 
ism {BacUrium phaseolt  Erw.  Sw.)  is  widespread. 

Downy  Mildew.  This  fungus  (Phytophihora  Phaseolt  Thazter),  so  far  as 
known  at  present,  has  not  been  found  in  Ohio,  though  occurring  to  a  destruc- 
tive extent  in  the  east,  and  liable  to  occur  in  our  vegetable  gardens.  Experi- 
\  have  shown  that  it  is  controlled   by   spraying  with  Bordeaux    mixture. 
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(Conn.  Exp.  Sta.  R.  1897,  Pt.  III).  In  this  instance,  as  with  the  downy  mildew 
of  cucumber,  it  is  probable  that  August  1  is  sufficiently  early  to  begin  the 
application  of  the  fungicides. 

Powdery  Mildew.  Powdery  mildew  of  the  bean  is  due  to  the  same  fungus  as 
the  powdery  mildew  of  pea,  for  which  see  pea. 

Rust.  This  fungus  (Uromyces  appendiculatus  (P.)  Lev.)  is  often  observed  to 
produce  reddish  brown  spore  masses  upon  both  surfaces  of  the  leaves  of  beans. 
It  is  perhaps  rather  more  variable  in  occurrence,  and  certainly  less  injurious  in 
the  past  than  bean  anthracnose.  It  has  been  quite  common  in  Ohio.  Beyond 
buming  diseased  refuse  we  are  not  prepared  to  suggest  remedial  or  preventive 
measures. 

Stem-Rot.  The  root-rot  fungus  {Rhizoctonia)  attacks  the  bean  root  and  stem 
and  ^t  times  spots  the  pods  in  the  south. 

BBBCH 

Anthracnoee.  The  anthracnose  fungus  {Gloesporium  Fagi  (Rob.)  of  beech 
attacks  the  leaves,  but  is  not  so  serious  as  many  of  the  other  anthracnoaes. 

Leaf  Diseases.  While  the  beech  is  not  largely  planted,  it  is  nevertheless  a 
useful  shade  tree.  The  leaves  are  often  attacked  by  two  or  three  mildews  (Mic- 
rosphaera  erineophila  Pk.  &  M.  peniciUata  (Wallr.),  also  I^yllacHnia  suffuUa)^ 
which,  however,  rarely  gives  serious  injury  to  foliage.  In  Europe  the  beech  is 
attacked  by  a  rust  fungus  (Melampsora  Fagi)\  the  leaves  are  also  attacked  by  a 
leaf-spot  species  of  Phyllosticta. 

BIRCH 

Anthracnose.  The  anthracnose  fungus  of  birch  (Gloeosporium  BtMarum^ 
E&M)  attacks  the  leaves  of  our  American  birches  while  otl^r  anthracnoees  art 
known  on  the  European  species.     Our  knowledge  of  the  injury  is  very  limited. 

Mildews.  The  downy  mildews  of  beech  and  alder  in  part  occur  upon  <lie 
birches. 

Wound  Fungi.  Characteristic  fleshy  fung^  invade  pruning  or  other  wounds  in 
the  birch  and  are  to  be  guarded  against  as  with  other  woody  growths. 

BBBT 

Leaf-Spot.  The  garden  beet  is  quite  liable  to  the  attacks  of  the  leaf-spot 
fungus  (Cercospora  beticola  Sacc.)  which  causes  serious  impairment  of  leaf 
action  and  premature  dropping  of  the  foliage.  Other  (^langes  are  likely  to 
follow  those  stated.  This  trouble  may  be  controlled  by  the  use  of  Bordeaux 
mixture  at  fortnightly  intervals.  (B.  199).  The  leaves  of  beets  are  also  attacked 
by  a  white  mold  (Cystopus  Bliti  (Biv.)  Lrev.)  although  this  latter  fungus  is  lesa 
frequent  and  less  ruinous  than  leaf-spot.  The  same  fungicide  may  be  used  if 
required.    See  "sugar  beet"  for  other  diseases. 

Scab.  The  scab  troubles  on  the  beet  are  similar  to  those  on  the  potato  and 
are  referred  to  the  same  fungus.  This  trouble  is  likely  to  follow  where  beeta 
follow  in  soil  that  has  been  diseased  with  either  beets  or  potatoes. 

Root-Rot.    (See  sugar  beet). 

BBQONIA.    (See  Pdafvonium). 

Nematodes.  These  minute  worm  parasites  attack  the  roots  and  also  the 
leaves  of  cultivated  begonias  (Ohio  Exp.  Sta.  B.  73;  N.  J.  Exp.  Sta,  Rept.  18S^>. 
For  the  commoner  root  injury  avoidance  is  to  be  sought  in  the  preparation  of 
the  earth. 

Root-Rot.  The  root-rot  fungous  of  violets  and  tobacco  Thielavia  busicoia 
Zopf.)  was  found  attacking  the  roots  of  begonia  which  sufiFered  from  nematodes. 
Its  general  occurrence  since  the  discovery  upon  tobacco  and  catalpa  show  that 
it  is  capable  of  serious  injury  to  the  roots  of  these  cultivated  plants. 
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BLACKBRRRY 

Anthracnose.  The  anthracnoses  of  blackberry  and  raspberry  ( CoUeiotrichutm 
venctum  Speg.)  are  idential  and  are  described  under  the  raspberry. 

Leaf-Spot.  This  disease  is  also  common  to  the  blackberry  and  the  rasp- 
berry, although  the  latter  is  less  commonly  attacked.  This  fungus  (Septoria 
Rubi  West)  is  conspicuous  upon  the  wild  growth  and  upon  the  trailing  dew- 
berries; it  produces,  usually,  small,  light-gray  spots  in  the  leaves  and  yields  to 
treatment  with  the  standard  fungicides.  (See  Ohio  Exp.  Sta.  B.  IV,  6,  and 
B.79). 

Crown  Qall.  Is  apparently  of  a  similar  contagious  nature  to  that  of  the 
raspberry.It  is  of  like  ai>pearance,  though  the  galls  at  the  crown  of  the  plant  are 
often  larger.  A  plant  once  attacked  is  incurable,  and  offshoots  from  it  appear 
to  be  generally  affected,  thus  calling  for  inmiediate  digging  and  burning  of  all 
the  diseased  canes  and  the  abandonment  of  propagation  from  such  plantations. 
(See  raspberry  crown  gall). 

Red  Rust  or  Bramble  Rust  ( Caeoma  nitens  Schw.)  is  a  well  known  disease  of 
the  wild  and  cultivated  blackberries,  which  also  attack  raspberries.  It  causes 
the  affected  leaves  to  turn  first  yellowish  in  color,  remain  erect  in  position,  and 
finally  to  become  bright  red  with  an  abundant  coating  of  the  spores  of  the  rust 
fungus.  These  spores  are  readily  scattered  and  may  thus  affect  previously 
healthy  plants.  The  threads  of  the  rust  fungus  (mycelium)  live  year  after  year 
in  the  affected  plants.  For  this  reason  the  only  remedy  is  to  dig  and  bum  all 
members  of  the  rusted  stools.     (See  Bulletin  79). 

Root  Diaeaaea.  Recent  examinations  of  blackberry  plantations  show  root 
diseases  of  undetermined  cause.  The  affected  roots  show  brown  spots  as  if 
parasitized  and  the  growth  is  seriously  curtailed.  Recent  conditions  in  black- 
berry plantations  indicate  root  parasites  since  sections  of  the  roots  become 
discolored  and  the  growth  of  the  canes  is  checked.  These  have  not  been  suffic- 
iently investigated  for  exact  determination  at  this  time. 

BLUB.ORA88 

Anthracnoae.  In  the  summer  of  1906  the  anthracnoae  fungus  of  wheat,  rye, 
oats  and  other  grasses  (  Colletotrichum  cereaU  Manns)  was  discovered  on  blue- 
grass  in  Ohio.  This  shows  as  black  spots  on  the  stems  and  basal  sheaths,  and 
will  evidently  survive  on  this  pasture  grass.  The  injury  is  greater  upon  wheat, 
rye,  oata  and  clover,  under  which  illustrations  are  given,  than  upon  blue-grass. 

Bacterial  Blight  of  Head.  In  a  recent  bulletin  from  this  department 
(Ka  210),  Manns  has  described  the  organisms  of  blade  blight  in  oats  and  has 
reported  a  head  blight  in  blue-grass  and  timothy  caused  by  them.  In  this  case 
the  bacteria  appears  to  enter  the  upper  sheath  and  cause  a  lesion  above  the 
upper  joint.     This  ends  in  the  death  and  the  drying  up  of  the  heads. 

Powdeiy  Mildew.  The  foliage  of  the  blue-grass  is  attacked  by  file  conidial 
«tageof  the  wheat  mildew  (^ryw^^A^j^rammw  DC).  This  fungus  gives  little 
evidence  of  injury,  though  its  presence  is  certainly  not  beneficial  and  the 
peritbecia  of  the  parasite  are  not  common  on  this  host. 

Rust.  Blue-grass  is  likewise  attacked  by  a  rust  (Puuinia  graminis^  which 
U  general  on  grasses. 

Smuts.  A  smut  fungous  (  UsHlago  striaeformis  West. )  attacks  the  blades  of 
t^ne-graas  t£ough  it  is  possibly  not  often  very  injurious. 

BROOM-CORN 
Smnta.     Of  these  there  are  two,   head  smut  (UsHlago  Reiliana  Kuhn.)  and 
frainsmnt  (Cintractia  Sorghi-^ulgaris  ( Tul.)  Clinton),  the  latter  of  which  is  pre- 
icotad  by  treating  aeed  for  15  minutes  in  hot  water  at  135  degrees  F.  and  drying 
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for  planting  as  for  oats.  The  same  smuts  attack  sorghum  and  are  very  likely 
to  occur  in  foreign  seed.  (See  Kansas  Experiment  Station  Bulletin  23;  Ills., 
Bulletin  47). 

BUCKWHEAT 

Leaf-Blight.  This  well  known  plant  is  frequently  attacked  by  a  leaf-'blig^ht 
fungus  ( Ramularia  rufo-maculans  Pk. )  which  produces  whitened  areas  on  the 
under  leaf  surfaces  and  causes  dying  of  these  leaves.  It  is  not  known  to  l>e 
sufficiently  destructive  to  warrant  treatment  for  prevention. 

Another  leaf  trouble  referred  to  a  fungus  {FusicUidiumfagopyri)  is  reported 
from  Europe,  but  is  not  known  in  our  climate. 

CABBAOB.CAULIVIX>WSR 

Brown-  or  Black-Rot  is  a  serious  disease  of  these  two  crucifers,  and  attacks. 
others  of  the  family,  including  turnips.  It  is  a  veritable  scourge  to  the  cat>l>si£ne 
growers  of  Ohio  and  other  states.  Smith  (Farmers'  Bui.  68,  U.  S.  D.  A. )  lias 
published  concerning  it  and  has  attributed  the  disease  to  a  specific  germ  i^JSac- 
terium  campesire  (Pam.)  Erw.  Sm. ).  The  diseased  heads  may  be  dwarfed,  in 
portions  rotted,  and  brown  colors  will  appear  in  the  woody  layers  of  the  plaxit* 
including  the  stem.  Badly  diseased  heads  emit  a  penetratin/r  and  offenjw v^  k> 


PIr.  S5.  Youor  cabbages  xMutially  affected  with  club-root  The  dub-root 
survives  in  the  soil  and  causes  swellings  and  abnormal  forms  of  the  nxrts. 
After  Halsted,  Bui.  9e.  N .  J.  Exp.  Sta. 
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riie    loBaes  from  the  brown-rot  have  been  very    large  and  specific  remedies 

cajanot   be  stated.      The   author    quoted   sums  up  the  subject  of   treatment 

in  one  word — prevention.    The  measures   recommended  are — plant  on  new  land 

azicL  only  from  healthy  seed  beds;  avoid 

succession  of  the   same  crops;   avoid 

staLt>le  manure  and  give  preference  1o 

a.rtifical  fertilizers  to  escape  possible 

infection  through  the  manure.    Prevent 

ajiiinals   from    cropping    in    diseased 

fields.     Clean  tools  by  scouring  bright 

after   use  in  infected  soil.    Fight  the 

ca.bbage  insects,  since  these  inoculate 

bealthy    plants     with    the     disease. 

Removal  of  badly  affected   plants,   or 

nei^ly   infected     leaves,    at  intervals, 

and  subsequent  burning  or  deep  pitting 

of    this  refuse    may   aid  in  checking 

brown-rot.      Destroy    all    mustard 

weeds.     See  page  318  for  part  played 

by  water  pores  in  the  infection. 

Club-Root.  Club-root  fungus  (Flas- 
modiophora  Brassicae  Wor.)  attacks 
tbese  plants  as  well  as  the  turnip,  ruta- 
baga wild  shepherd's  purse,  hedge- 
mustard  and  certain  other  plants  of  . 
tbe  mustard  family.  It  is  called  finger 
and  toe  disease  in  England.  It  causes 
enlargement  of  the  roots  and  prevents 
growth  of  normal  head  or  root  (See 
fierure,  p.  380).  \ 

This  fungus  is  harbored  in  the  soil, 
so  that  if  the  land  is  once  infected  the 
disease  may  prove  lasting.     It  has  not 
yet  been  learned  how  long  the  trouble 
will  survive  if  the  soil  is  planted  in 
other   crops.      Lands  newly    brought 
under  cultivation  may  be  infected  with 
club-root  through  the   wild    mustard 
plants  upon  them.     It  would  appear 
possible    by    watchfulness    to    avoid 
getting  the  club-root  fungus  into  cab- 
bage lands;  the  seed  bed  should  be  most  carefully  gxiarded  from  this  trouble  as 
from  rot.     It  will  be  much  chep^per  to  abandon  the  crop  for    some  other,   when 
tbe  plant    bed  has   become   affected    with  club-root  and  the    seedlings  have 
enlarged  or  whitened  roots  from  this  disease. 

In  New  Jersey,  Halsted  has  investigated  this  trouble  and  has  found   (N.  J. 

Szp.  Sta.  B.  98  and  108)  that  fresh   stone  lime,  if  applied  at  the  rate  of  75  to  80 

bushels  per  acre  upon  freshly  plowed  land  in  spring,  and  worked  into  soil,  will 

very  ereatly  reduce  the  amount  of  club-root  on  turnips  and  cabbage;   there  is  no 

reason    to   doubt  that  this  treatment   is  applicable  to  all   plants  of  the  order 

attSLcked.  by  club-root. 


Fir.  M.  CabtMffe  plant  attacked  by  Puaarium 
wilt.  This  has  cauaed  tbe  leaves  to  yellow  and 
drop  and  the  plant  has  produced  no  marketable 
heads.  The  lesion  caused  by  wilt  fundus  may  be 
observed  upon  the  left-hand  side,  upper  ball  of 
stem.    From  a  photograph  by  T.  F.  Bdanns, 
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Downy  fAUdew  {Pipronosfora  parasitica  DeBy.),  Leaf-Blight  (Macrosporium 
Brass icae  Berk.)  and  White  Rust  (Cysiopus  candidus  (P.)  Lev.)*  occur  upon  the 
mustard  plants,  including,  perhaps,  all  named  above  and  some  others.  As  yet 
their  presence  has  not  proved  a  serious  drawback.  If  to  be  treated,  Bordeaux 
mixture  should  be  applied. 

Wilt.  The  fusarium  wilt  disease  earlier  reported  from  the  eastern  truck 
districts,  is  now  very  destructive  in  Ohio.  In  1909  it  locally  destroyed  nearly  all 
the  crop  where  either  infected  plants  were  set  upon  fresh  soil  or  plants  were  set 
on  infected  soil.  It  causes  a  yellowing  and  wilting  of  the  plants  sometimes 
with  apparent  stem  injury.  In  our  cabbage  districts  it  may  be  this  wilt  is  to 
contest  with  black-rot  for  first  place  in  rank  of  injury  done.  The  remedy  lies  in 
breeding  wilt  resistant  strains  of  cabbage. 

CALLA 

A  Root-Rot  of  callas  has  been  studied  by  Halsted  and  Townsend.  The 
disease  appears  to  be  due  to  bacteria  (N.  J.  Kept.  1893).    Reject  rotted  roots. 

CARNATION 

,  Bacteriosis  of  carnations  has  been  reported  upon  by  Arthur  and  Bolley  (Ind. 
Exp.  Sta.  B.  59).  This  causes  many  small,  brownish  spots  with  yellowing  of 
thi^  leaves  of  the  affected  plants.  Such  are  feeble  in  growth  and  deficient  in 
return.  The  maintenance  of  best  and  most  favorable  growth  conditions  may 
often  be  effective  in  preventing  this  trouble;  particularly  sub-irrigation  and  war 
on  aphides  are  to  be  recommended. 

Bud-Rot.  A  serious  rot  of  carnation  {Sporoirichum  antrophilutn  P)L)  Ib 
reported  from  several  states  and  is  doubtless  present  in  Ohio. 

Leaf  and  Calyx  Mold  (Heterosporium  echinulatutn  (B. )  Cke.)  (Paiiy  Ring)  of 
carnations  is  often  very  unsightly  upon  the  calyces  and  pedicels  of  these  flowers; 
it  also  attacks  the  leaves.  All  sorts  appear  to  be  more  or  less  parasitized  with 
the  fungus  in  the  houses  where  it  prevails.  Yet  another  spotting  is  produced 
by  the  carnation  leaf -spot  fungus  (Sepiori  Dianthi  Desm.),  which  has  appeared 
at  this  Station  more  frequently  upon  the  Daybreak  variety.  It  is  believed  that 
both  these  fungi  will  yield  to  treatment  with  Bordeaux  mixture  as  per  calendar. 
(See  Bulletin  73). 

Carnation  Rust  {Uromyces  caryophyllinus  (Schrk.)  Schroet).  This  rust 
fungus  is  one  of  the  serious  diseases  of  the  carnation.  There  is  some  differerence 
in  the  liabitity  of  varieties  to  the  disease,  and  perhaps  a  much  larger  difference 
in  the  condition  of  the  stock  plants  from  which  cuttings  are  made.  Assuredly 
this  matter  of  "cutting  stock"  is  of  very  great  im  portance  and  one  admitting  of 
selection  of  the  very  best  plants.  Experiments  conducted  at  this  Station  in  1895 
by  the  writer  and  the  Station  Florist  (See  B.  73)  yielded  no  gain  from  spraying 
with  Fowler's  solution,  which  has  been  sometimes  recommended.  Watchfulness 
in  the  destruction  of  rusted  parts,  and  in  the  stock  for  propagation,  are 
suggested  for  the  control  of  rust. 

A  Root-  or  Stem-Rot  {Rhizoctonia  and  Fusarium)  of  carnations  has  been 
noted  by  Stewart  (Bot.  Gaz.  XXVII,  129,  130)  and  occasional  rotting  of  the 
flowers  through  the  presence  of  a  Botrytis.  For  the  former  no  thoroughly 
effective  remedy  is  now  at  hand,  while  gr^neral  cleanliness  of  the  house  is 
necessary  to  avoid  the  rot  fungus  Botrytis.     (See  Lettuce  Rot). 

CANNA 

Rust.  Foliage  of  canna  is  sometimes  attacked  by  a  rust  which  may  be 
identified  by  the  characters  of  its  fungus  {Uredo  cannae). 


CANTAIX>UPB 

Bee  Muskmelon. 


Digitized  by 


Google 


DISEASES  OP  CULTIVATED  PLANTS 


383 


CARROT 

L^af-Spot.  This  spotting  of  carrot  leaves  is  usuallj  caused  bj  the  same 
fungus  {Cercospora  A  pit  Fres.)  as  the  celery  leaf-spot.  Upon  the  carrot  the 
trouble  is  not  usually  serious. 

CBDAR 

Cedar  Apples  or  Cedar  Rust.  During  the  showers  of  April,  May  or  June, 
large  or  small,  jelly-like  masses,  often  one  inch  or  more  across, with  firmer 
wood-like  centers,  are  frequent  upon 
red  cedar  trees  and  upon  similar 
related  plants.  Microscopic  exam- 
inations of  these  jelly  masses  show 
that  they  contain  the  spores  of  a  rust 
fungus  {Gymnosporangium  macro- 
pus  Lk.  and  other  species  of  Gym- 
nosporangium).  This  fact  need  not 
startle  us  but  for  another,  namely, 
that  this  is  the  completed  or  teleu- 
tospore  stage  of  a  rust  which  may 
seriously  injure  the  leaves  of  the 
apple.  The  apple  grower  will  run 
some  risk  then,  in  having  about  him 
diseased  cedar  trees.  The  remedy 
lies  in  the  destruction  of  the  cedar 
trees. 

CATALPA 

Leal  Blight.  Leaf  blight  of 
catalpa  has  recently  been  trouble- 
some to  growers  and  puzzling  to  the 
Pathologist  at  times.  The  sudden 
blackening  and  dying  of  the  leaves 
in  early  summer  has  been  traced  to 
frost,  but  other  times  in  later  sum- 
mer to  root-rot,  which  see.  Fre- 
quently we  have  found  a  leaf  blight 
fungus  (Ailemaria  sp.)  which  devel- 
oped freely  upon  the  spotting  leaves 
and  apjieared  to  be  responsible  in 
conjuction  with  some  other  rather 
unfavorable  conditions  for  the  young 
trees.  This  will  probably  g^ve  more 
trouble  in  the  culture  of  the  catalpa 
than  the  leaf-spot  or  mildew  which 
have  been  known  much  longer  and  prove  less  serious.  Early  applications  of 
Bordeaux  mixture  repeated  at  moderate  intervals  should  check  the  disease. 

Leaf->Spot.  The  leaf -spot  (Phyllosticta  Catalpae  E.  &  M.)  is  quite  frequent  upon 
the  leaves  of  catalpa.  It  rarely  causes  more  than  occasional  spots  in  the  leaves* 
the  injury  being  in  no  way  comparable  to  that  caused  by  the  catalpa  midge. 
Fungicides  should  be  effective  against  the  true  leaf-spot. 

Mildew.  The  leaves  of  catalpa  are  often  covered  over  by  the  powdery 
mildew  fungi  (Microsphaera  elevata  Burr.,  Phyllactinia  suffulta  Reb.).  These 
mildews  tend  to  become  conspicuous  by  the  white  covering  upon  the  leaves  la 
later  summer.    While  unsightly  the  injuries  are  rarely  serious. 


Fir.  37.  Cedar  apples  caused  tor  mat  fasffoa. 
In  May  tneee  dry  looking  apples  send  out  Jelly-like 
branches  filled  with  spores  of  the  rust  fungus.  Theee 
spores  may  attack  leavee  and  fruit  of  apple,  as  well  aa 
Crataegus  and  Juneberry.  (Prom  a  pbotocraph  by 
W.  P.  Beecbinr). 
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Root-Rot.  Since  the  recent  demand  for  seedling  trees  of  Catalpa  speclosay 
some  difficulties  have  been  met  with  in  diseased  seedling^  of  catalpa.  These 
seedlings  are  liable  to  be  attacked  in  their  early  stages  by  the  ordinary  damp- 
ing off  fungi  such  as  Rhizoctonia,  Pythium  and  Botrytis.  One  interesting  case 
of  a  true  root-rot  fungus  was  studied  in  1908.  The  seedlings  were  being  grown 
in  land  that  has  been  used  some  years  for  truck  gardening;  the  stand  was  cut 
down  very  much  and  in  later  summer  some  of  the  seedlings,  then  a  foot  or  more 
in  height,  showed  sudden  dying  and  dropping  of  the  leaves;  this  was  found  to  be 
due  to  th» root-rot  fungus  of  the  violet  and  tobacco  {Thielavia  basicola  Zopf.). 
This  must  have  been  quite  serious  on  the  smaller  seedlings.  At  the  date  of 
study,  September,  only  the  smaller  root  branches  were  destroyed  by  it  and  the 
larger  ones  seemed  normal.  The  injury  to  these  seedlings  in  dry  weather  was 
enough  to  bring  about  leaf  collapse  due  to  reduced  water  supply.  If  this  fungus 
becomes  very  general  it  will  involve  soil  treatment  for  such  seed  beds.  It  was 
too  soon  to  determine  how  serious  it  may  be  upon  trees  of  larger  nursery  size, 
although  it  is  not  greatly  feared. 

CSLSRY 

Black-Root,  so-called,  may  be  found  on  celery  plants  from  seed  beds.  In  one 
instance  such  plants  yielded  growths  which  shortly  run  to  seed  and  were 
valueless. 


Pir.  38.    Celery  leaf  attacked  by  leaf-apot.    Various  troubles  xvoduce  similar 
spotting  in  celery  leaves. 

Leaf-Spot  or  Leaf  Blight  {Cercospora  Apii  Fres.)  is  a  prevalent  condition 
upon  celery  plants.  This  is  at  times  attributed  to  the  fungxis  above  named,  or 
others,  and  is  also  produced  by  other  causes,  as  by  excess  of  water  during- 
overflow  and  the  like.  During  certain  seasons  th.e  loss  from  the  leaf-spot  or 
leaf-blight  troubles  is  very  much  greater  than  during  others.  This  is  clearly 
explained  when  the  conditions  giving  rise  to  the  leaf  troubles  are  appareot. 
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But  this  is  by  no  means  a  common  fact,  and  in  some  years  there  is  much  blight- 
ing^ after  the  celery  has  been  boarded  up  for  blanching*.  Usually  the  fungus  is 
discoverable  in  diseased  areas  of  the  leaves.  The  use  of  fungicides,  such  as 
Bordeaux  mixture,  is  likely  to  prove  beneficial,  especially  to  protect  the  plants 
in  the  seed  bed  until  transplanted.  (See  Spray  Calendar).  While  beneficial  for 
later  applications  in  the  field,  so  long  as  it  is  not  clear  that  the  fungus  parasite 
is  not  the  only  cause  of  blighting  or  leaf  spotting,  all  possible  conditions  should 
receive  attention.  Kinney  (Rhode  Island  Exp.  Sta.  B.  44)  has  suggested  that 
the  breaking  down  of  the  celery  leaves  arises  from  the  methods  of  culture  prac- 
ticed, particularly  the  level  culture,  in  which  the  water  relations  of  the  plant 
are  not  in  a  natural  state.  He  succeeded  in  preventing  the  blighting  of  celery 
by  mulching  witti  celery  tops  in  which  there  was  a  large  supply  of  the  fungus. 
Mulching,  especially  during  periods  of  prolonged  drought,  may  thus  prove 
profitable.  The  identification  of  the  particular  fungus  occurring  in  the  spots 
must,  in  each  case,  be  made  by  the  misroscope.  Aside  from  the  mulching  sug- 
gested the  remedies  are  stated  in  Bulletin  121. 

The  conditions  of  celery  culture  are  yearly  becoming  more  troublesome  and 
are  really  serious. 


Fig.  39.    Younger  celery  plAxits  attacked  by  root-rot.    These  planta  are  ke^  alhre  tor  Mw  roota, 
tboacb  they  incceaae  bnt  little  in  aise.    After  VanHook,  Cir.  No.  72. 

He«rt-Rot  is  a  yery  destructive  decay  of  the  inner,  or  heart,  portions  of  the 
celery  plant  after  blanching  has  begun.  The  inner  parts  rot  very  suddenly, 
emit  a  penetrating  odor  and  the  market  value  of  the  affected  celery  is  destroyed. 
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The  decayed  parts  are  teeming  with  mobile  hacteria  to  which  this  form  of  decaj 
has  been  attributed.  The  heart-rot  prevails  too  in  very  hot,  steamy  weather, 
but  preventive  measures  are  about  all  that  can  be  recommended.  It  is  sugg^ested 
that  when  the  boards  are  first  put  up  to  the  celery,  under  such  conditions  as 
accompany  the  heart-rot,  they  should  be  left  apart  at  the  top  and  only  closed  up 
to  the  usual  point  after  an  interval  of  several  days.  This  secures  better  ventila- 
tion and  often  prevents  the  disease. 

Root-Rot.  During  a  succession  of  wet  seasons  much  trouble  developed  in 
the  Akron  district  from  attacks  of  root-rot  (Rhizodonia).  This  gave  trouble  at 
times  with  the  seedling  plants,  but  more  seriously  with  the  shortened  develop- 
ment of  the  crop.  Often  the  roots  were  nearly  all  rotted  off.  The  trouble  si^nned 
to  decline  rapidly  with  drier  seasons.    (See  Circular  No.  72,^  Ohio  Exp.  Sta.). 

Rust,  true  and  false.  In  Europe  the  celery  plant  is  attacked  by  one  or  two 
rust  fungi  (Puccinia  bullaia  (Pers.)  and  P,  Castagnei  Thum.)  of  the  same  class 
of  parasitic  fungi  as  those  producing  rust  in  wheat.  These  two  rusts  have  not 
as  yet  been  discovered  in  America,  though  they  will  doubtless  in  time  become 
introduced.  Celery  which  is  banked  in  the  earth  often  has  the  blanched  stems 
marked  by  rusty  spots  of  various  sizes.  These  spots  appear  to  arise  from  the 
contact  of  the  stems  with  the  earth,  and  on  microscopic  examination  seem  to  be 
due  to  the  fun^i  or  bacteria,  or  both,  that  may  be  present  in  the  soil.  The 
difficulty  is  prevented  by  avoiding  this  method  of  blanching  an<l  substituting 
boards  or  close  culture  planting. 

Bad  Seed.  There  is  scarcely  a  more  vital  question  in  celery  growing  than 
that  of  the  quality  of  seed  used.  Seed  that  is  of  a  bad  strain  though  true  to 
varietal  name,  may  inflict  losses  of  hundreds  or  thousands  of  dollars  on  large 
growers.  Hollow  celery,  or  that  otherwise  useless,  according  to  present  know- 
ledge is  very  often  due  to  the  bad  seed. 

CHBRRY 


Pir.  40.  Twiff  of 
cherry  attacked  b  y 
black  knot.  This  to  the 
■ummer  condition 
when  the  conidia  are 
Dumerous  upon  the 
•urface  and  often  ffive 
an  olive  color  to  the 
knot. 


Black-Knot.  This  is  a  conspicusus  disease  attacldqg 
the  branches  of  cherry  and  plum  trees  but  is  more  frequent 
upon  the  cherry  varieties  of  the  Morello  type.  It  is  due  to 
a  parasitic  fungus  (Plawrightia  morbosa  Schw.).  Insects, 
however,  make  harbors  of  the  interior  of  the  knots.  The 
spores  of  the  black-knot  fungus  are  ripened  during*  the 
winter  and  scattered  in  early  spring,  finding  lodgement  on 
the  new  branches  or  in  fractures  on  old  ones,  where  their 
growth  causes  the  formation  of  a  new  knot.  Black-knot 
may  be  prevented  by  spraying  with  Bordeaux  mixture,  but 
is  more  profitably  controlled  by  carefully  cutting  off 
affected  parts  and  burning  them,  making  a  clean  sweep  at 
least  once  each  year  and  that  previous  to  March  isL  This 
is  a  practicable  measure  and  we  have  confidence  in  its 
efficiency. 

Leaf-Spot  and  Mildew.  The  first  named  disease  is 
caused  by  the  same  fungxis  {Cylindrosporium  Padi  Karst) 
as  that  which  we  call  * 'shot-hole  fungus"  on  the  plum,  and 
may  be  successfully  prevented  by  the  use  of  Bordeaux  mix- 
ture, except  that  only  half  the  strength  of  mixture  may  be 
applied  with  safety  to  the  foliage  of  the  cherry.  (See  Cal- 
endar).     The  mildew  is  usually  foiund  chiefly  upon  sprouts 
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Md  young  shoots.  The  mildew  fungrus  {Podospharva     Oxyacanthae  ( DC. )  De  By.) 
is  a  very   interesting'  one.     This   applies    especially  to   amateur   microscopic 
study.    If  spraying  is  required  for  the  mildew  two  applications    will   probably* 
be  very  satisfactory. 

Cherry-Rot  or  Biown-Rot  {Schlerotinia  {Manilia) 
fruaigena  (  ers.)  Schw.)  affects  all  stone  fruits, 
including  peach, 
plum,  apricot,  etc. 
It  is  by  far  the 
most  serious  and 
baffling  of  cherry 
diseases  to  the 
commercial  cherry 
grower.  The  decay 
of  the  fruit  is 
caused  by  the 
fungus  named. 
The  conditions  of 
the  season  may 
favor  or  retard 
the  spread  and 
development  of  the 
fungus.  The 
threads  of  the 
fungus  (mycel- 
ium) survive  in  the 
rotted  fruits, 
which  may  hang 

on  the  trees  unless  removed.  Careful  removal  of  ali 
rotted  fruit  and  spraying  for  the  fungus,  as  per  the 
calendar,  may  be  relied  upon  to  save  a  part  of  the 
fruit,  but  judgement  and  attention  to  the  details  of 
the  work  are  always  required.  It  is  to  be  under- 
stood, also,  that  checking  the  curculio  is  a  sure  means  of  helping  to  check  rot. 


Piff.  42.  Cherries,  eound  and  rotted. 
The  peraaite  in  thia  caae  is  the  same  aa  on 
other  atone  (ruita. 


Fiff.  4L  Leaf  of  chemr 
br  laaf-apot  funftia. 
ireaa  in  chernr 
I  tora  dry  and  rarely  give 
•bot-bole  effecta.  The  aame 
hu&cvs  occnra  npon  the  sdam. 
Proon  Bulletin  79. 


CHB88 

Anthracnose.  The  anthracnose  fungus  (Colletotrichum  cereale  Manns. 
Attacks  the  chess  as  well  as  the  cerea  s  in  which  it  may  grow.  The  disease  is 
of  interest  upon  chess  because  it  may  be  a  source  of  extending  the  development 
of  antfaracnose.  (See  anthracnose  of  oats,  rye  and  wheat). 


is^MSg 


CHBSTNUT 
ig  spotting   of   chestnut 


Anthracnose  is  a  dis^PMRg  spotting  of  chestnut  leaves,  about  which 
inquiries  are  often  made.  Small,  dead  areas  with  characteristic  borders  are 
produced  by  this  fungus  (Marsonia  ochroleuca  B.  A  C).  Such  applications  of 
fungicides  as  are  made  for  shot-hole  fungus  of  the  plum  and  leaf-spot  of  the 
horse  chestnut,  will  be  found  useful  when  treatment  becomes  necessary  on  the 
cbestnut. 

Bark  Disease.  A  serious  bark  disease  of  chestnut  in  the  east  has  recently 
been  described  and  has  proved  injurious.  The  fungus  {Diaporthe  parasitica 
Murr.)  appears  to  enter  as  a  wound  parasite  through  openings  in  the  bark.  It 
has  exterminated  a  part  of  the  chestnut  trees  in  the  eastern  half  of  Long  Island 
and  about  New  York  City.  (See  Yearbook,  U.  8.  D.  A.,  1907,  pages  489-490, 
also  Bulletin,  Bureau  of  Plant  Industry,  No.  121,  1908).    The  t>eginnings  of  the 
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disease  show  on  branches  with  smooth  bark,  by  the  presence  of  deac*,  diacolorea 
or  sunken  patches  sometimes  covered  with  the  yellow  orange  or  brown  pustules 
of  the  fungus. 

CHRYSANTHEMUM 

Leaf-Spot  is  frequently  a  disfiguring  disease  of  this  plant  in  earlier  growth. 
It  is  caused  by  the  leaf -spot  fungus  (Septaria  Chrysanthemi  Cav.).  Two  other 
fungi,  a  Phyllostica  and  a  Cylindrosporium,  also  attack  the  chrysanthemum.  For 
indoor  treatment  copper  sulfate  solution  of  one  fourth  of  the  streng^  given  in 
the  spray  calendar — ^that  is  one  pound  to  50  gallons  of  water— will  prove  avail- 
able. More  applications  will  be  required,  but  the  foliage  will  not  be  rendered 
BO  unsightly  as  with  Bordeaux  mixture  which,  however,  may  be  applied  in  full 
strength. 

Powdery  Mildew.  Powdery  mildew  also  occurs  upon  chrysanthemum  foliage. 
The  fungus  {Erysiphe  Cichoracearum  DC.)  is  usually  not  persistent,  but  calls  for 
spraying  foliage  with  fungicides  when  serious. 

Ray  Blight.  A  blight  of  the  rays  of  chrysanthemum  flowers  due  to  a  specific 
fungus   (Ascochyia  chrysanthemi  Cav.)   is  reported  from  the  south  and  is  very 

liable  to  be   present 
in  Ohio. 

Rust.  This  is  found 
on  the  chrysajithe- 
mum,  resembling 
other  rusts  in  its 
development.  Rusted 
leaves  and  badly 
rusted  plants  should 
be  destroyed.  • 

CLOVBR 
AnthracDOse.  Three 
a^nthracnoses  occur 
upon  clover;  the 
more  common  of 
which  is  due  to  the 
same  ftmgus  ( CoUeio- 
crichum  trifolii  B.  Sl 
E.)  as  the  anthrac- 
nose  of  alfalfa.  In 
1907  it  attacked  the 
clover  over  the  south- 
em  one-third  to  one- 
half  of  Ohio,  causing 
dying  of  the  plants 
attacked.  These  sho-w 
lesions  of  the  stems 
and  leaf  stalks  and 
may  be  detected  in 
the  new  seedings  in 
late  summer  through 
the  dying  of  ttie 
leaves  of  these  plants. 
It  is  not  known  how 

serious  this  may  prove  upon  clover,  nor  is  this  one  known  in  northern  Ohio. 
The  second   anthracnose  fungus  (Gloeosporium  trifolii  Peck.)   has  been 

known  longer  than  the  first  and  occasionally  shows  by  killing  the  tops  of  large 
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Piff.  43.  This  shows  clover  plsnts  from  fields  at  the  Station  attacked 
by  new  anthracnose  fundus  in  1909.  This  causes  the  leaves  to  droop  and 
die:  also  at  times  the  tips  of  the  stems.  Prom  a  photograph  br  T.  P. 
ICanns. 
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dover  atema  in  meadows.  It  is  apparently  not  a  serious  disease,  althoug^h  a 
very  interesting:  one  to  study  in  connection  with  the  anthr^noses  due  to 
CoUetotrichum. 

The  third  anthracnoae  upon  clover  {ColUtotrichum  cereale  Manns.)  is  the 
anthracnoae  of  wheat,  rye  and  oats.  It  was  found  to  a  limited  extent  attacking' 
clover  upon  the  Station  grounds  in  1909.  Except  in  microscopic  characters  this 
anthracnoae  cannot  he  distinguished  from  that  of  Bain  and  Essary  first  men- 
tioned ahove.  In  the  microscopic  characters  the  two  are  clearly  distinguishahle. 
It  is  quite  prohahle  that  this  fungus  will  he  found  over  much  of  the  state. 

Black-Spot  is  due  to  a  funi?:us  (Phyllachora  trilfolii  (Pers. )  Fckl.)  which 
attacks  the  leaves  of  clover  causing  dead  spots  and  dark  discolorations  on  the 
under  aide  of  the  leaves.  As  a  rule  these  attacks  come  so  late  in  the  working 
life  of  the  leaves  that  the  injury  is  slight. 

Doddera  occur  upon  clover  as  well  as  upon  the  alfalfa;  with  it,  likewise, 
there  are  two  species  (Cuscuta  Epithymum  Murr.  and  Cuscuta  arvensis  Beyr.),  the 
seeds  of  which  are  distributed  in  the  clover  seed.  In  1907-8  when  the  domestic 
supply  of  seed  ran  so  low  the  lack  was  made  good  by  importations  from  Europe. 
This  haa  brought  a  large  amount  of  dodder  into  the  state,  the  most  of  it  being 
the  clover  dodder  proper.  With  clover  seedings  as  with  alfalfa  where  infesta- 
tions are  alight  it  will  pay  to  dig  up  by  root  the  infested  plants  and  bum  them 
for  destruction  of  possible  seeds.  Dodder  is  a  parasitic  twining  plant  and  may  be 
easily  recognized  by  its  appearance.    The  seeds  are  j^lustrated  in  Bulletin  175. 

In  the  handling  of  the  new  clover  seedings  infested  with  dodder,  it  is  prob- 
ably best  to  clip  in  fall  to  prevent  ripening  of  the  rlodder  seeds.  The  hay  crop 
may  be  cut  the  following  season  without  fear  since  the  seeds  will  not  be  in  con- 
dition to  grow.  Following  the  mowing  of  the  hay  crop  it  is  probably  desirable 
to  break  the  clover  sod  after  the  growth  is  fairly  well  started,  and  before  time 
enough  has  elapsed  to  permit  ripening  of  the  dodder  seeds.  In  no  case  is  it 
desirable  to  cut  seed  from  such  dodder  infested  fields.  Dodder  in  clover  hay  is 
held  responsible  for  scouring  of  cows  and  horses. 

Leaf-Spot.  A  leaf-spot  of  white  clover  referable  to  an  anthracnose  fungus 
(Ascochyta  sp.)  has  been  described  from  our  region  although  not  definitely  deter- 
mined in  Ohio.    The  injury  which  may  result  cannot  be  now  stated. 

Rust.  The  various  sorts  of  the  cultivated  clover.  Red,  Alslke,  Mammoth, 
etc,  are  attacked  by  a  clover  rust  (Uromyces  Trifolti  (A.  &  S.)  Wirt).  If  one 
will  examine  the  small,  dark  spots  in  the  clover  leaves  he  will  find  a  cluster  of 
this  reddish  fungus  beneath.  This  rust  does  not  spread  to  other  plants  than 
clovers  and  is  commonly  regarded  as  more  disfiguring  than  destructive.  It  is 
not  nearly  so  injurious  as  the  leaf-spot  of  alfalfa  which  is  similar  in 
appearance. 

Root  Nodules  and  Root  Tuberdea  upon  Leguminoaae.  Upon  removal  of  the 
roots  of  the  clover  plant  from  the  soil  one  finds  minute  enlargements  which  are 
the  subject  of  frequent  inquiry.  These  are  nodules  or  tubercles  as  they  were 
formerly  called,  caused  by  the  messmate-living  of  certain  nitrifying  organisms, 
or  microbes,  with  the  clover  plant.  To  these  microbes  in  this  commimal  life  is 
due  the  power  of  withdrawing  nitrogen  from  the  atmosphere  and  fixing  it  in  the 
the  tissues  of  the  clover  plants.  The  same  applies  in  general  to  the  nodules 
upon  plants  of  this  order,  the  Papilionaceae,  It  thus  follows  that  these  nodules 
•  are  the  normal  condition  of  properly  nourished  legtiminous  plants  of  the  order 
Papilionaceae^  and  it  likewise  follows  that  the  full  value  of  this  work  of  nitrogen 
fixing  is  only  realized  for  manurial  purposes  when  the  tissues  of  the  clover 
^ants  decay  in  the  soiL 
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Stem  Blight  of  clover  has  recently  been  studied  at  the  Station  and  has  been 
found  to  be  due  to  the  same  fungus  as  that  of  wheat  scab  {Fusarium  roseum  Lk.). 
This  fungus  has  been  found  to  cause  the  death  of  seedling  wheat  plants  and  to 
follow  harvest  by  attacks  on  clover  stems.  (See  Bulletin  203).  It  appears  at 
this  time  to  be  one  of  the  serious  forms  of  clover   sickness.     The   writer   looks 

upon  it  as  liable  to  be  much  more 
serious  even  than  anthracnose.  The 
only  present  suggestion  for  control 
will  apply  to  control  of  the  wheat 
scab  fungus  through  recleaning-  of 
seed  and  separation  of  of  all  scatb 
infected  kernels.  It  is  quite  likely 
that  clover  seedings  made  in  a  dry 
year  w}th  little  g^ain  scab  wVl  not 
be  exposed  to  the  same  danger  fr<Mn 
this  blight  as  those  made  in  vr^t 
seasons  when  the  disease  is  very 
bad  in  the  grzAn,  (See  wheat  scab). 


Piff,  44%  Red  clover  stems  suffering  from  stem 
sickness.  The  rrsyish  spores  in  the  lesions  sre  those 
of  the  fundus  of  wheat  scab.    Prom  Bulletin  203. 


CORN 

Bacterial  Disease.  This  has  been 
described  and  illustrated  in  Bul- 
letin 6  of  the  Illinois  Experiment 
Station,  1889.  The  malady  infests 
both  younger  and  older  plants.  In 
the  younger  it  causes  a  yellowish 
coloring  and  a  general  appearance 
of  debility,  with  death  of  the  leaves, 
commonly  from  the  point  backward. 
After  midsummer,  spots  appear  on 
the  exterior  of  the  sheaths  which  are  more  conspicuous  on  the  inner  side  and  at 
times  more  or  less  smeared  with  a  gelatinous  substance.  Mo  successful  remedy 
has  as  yet  been  proposed. 

Dry-Rot  or  Mold.  The  dry-rot  or  mold  of  corn  (Diplodia  zeae  (Schw.)  Lev.)  was 
invesViguted  by  this  Station  in  1906,  it  being  reported  by  a  grower  in  Licking  Co. 
He  stated  that  he  had  been  studying  the  development  for  two  years;  the  first  time 
noted,  the  mold  area  was  small  involving  but  part  of  one  shock;  the  next  year  a 
larger  area  had  been  invaded  and  the  year  of  1906  he  reported  his  losses  were 
still  greater.  He  reported  that  conditions  clearly  indicate  the  invasion  of  the 
soil  by  the  parasite  and  possible  infection  through  the  growing  plant.  As  in 
this  case  from  Licking  county  and  many  others  in  which  continuous  com  grow- 
ing is  practiced  on  rather  moist  soil,  there  is  great  danger  from  accumulation  or 
infection.  The  ears  attacked  were  marked  by  adherence  of  the  husk  and  the  uni- 
form moldy  covering  matted  the  kernels  together  upon  the  ear  and  destroyed  the 
feeding  value. 

In  the  matter  of  prevention  little  can  be  done  beyond  avoiding  continuous 
cropping  of  com  for  invaded  areas.  For  life  history  of  the  fungus  see  Circular 
117,  Illinois  Experiment  Station;  22nd  Annual  Report,  Nebraska  Experiment 
Station,  1908. 

The  Leaf  Blight  Fungus  (Helminthosporium  graminum  Rab.)  has  been  noted 
on  corn  and  has  recently  been  sent  to  this  Station  from  Vinton  county,  in  the 
latter  case  upon  sweet  com.  The  fungus  causes  somewhat  extended,  or  elliptica] 
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tnrown  (dead)  areas  in  the  leaf  blades,  readily  identified  by  the  microscope.  All 
diseases  of  the  youn^  com  attract  notice,  but  it  is  not  certain  that  there  is  need 
ta  apply  fungicides  for  this  fungus,  though  such  might  prove  successful. 

Com  Rust  (Puccinia 
Maydis  Berang.)  is  met 
with  in  greater  or  less 
abundance  upon  com  every 
season,  the  g^reater  abund- 
ance usually  being  in  rainy 
seasons.  The  rust  causes 
snail  oblong  or  elliptical 
spots  on  the  surfaces  of 
leaf  and  sheath  and  in  the 
spots  are  contained  red- 
dish-brown spores  of  the 
rust.  The  shade  of  the 
spores  will  vary  with  the 
time  and  development  of 
the  fungus.  Here,  as  with 
wheat,  the  fungus  passes 
through  the  uredo  and 
teleuto  stages. 

Silsge  Mold.  At  times 
we  have  complaint  of  mold 
in  silos  where  com  silage 
is  stored.  Doubtless  there 
is  some  loss  in  nearly  all 
cases  from  different  molds 


Fls.  45.    Stun  of  nudse  attacked  by  smut.    The  smut  boUs 
■ttown  here  later  bant  ooen  and  ecatter  manes  of  emut  epuree. 

or  decays  where  the  air  circulates  in  contact  with 
silage.  We  have  investigated  the  mold  fungus 
iPenicillium  sp.).  This  is  possibly  the  same  blue 
mold  which  we  have  found  to  attack  fruits  in 
storage  and  transit.  It  is  not  an  active  organism 
and  must  be  held  in  dieck  by  control  of  conditions 
in  the  silo. 

Com  Smut  is  a  well  known  disease,  attacking 
leaves,  shoots,  ears,  tassels  and  brace-roots  of  com, 
converting  the  diseased  parts  into  masses  of  dirty 
(smutty)  spores  of  the  fungus  (JJstilago  Ze<ie 
(Beckm.)  Unger  ).  A  brief  article  upon  com  smut 
will  be  found  in  Bulletin  78.  (See  also  Bulletin  92 
of  the  Kansas  Experiment  Station).  The  corn 
smut  may  be  propagated  by  smutty  seed,  although 

much  more  likely  to  be  carried  by  the  transportation  of  the  yeast  spores 
of  this  smut  fungus  which  may  light  upon  any  young  growing  part  and 
produce  smut  infection.    From  this   fact   and  from  another — probably  a  greater 


Flff.  46.  An  ear  of  com  partly 
deitroyed  by  smut.  Other  eare 
may  be  found  abowin^  different 
forma  of  attack. 
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prevalence  of  the  smut  yeast  spores  in  later  summer — later  g^rowing'  parts,  for 
example,  tassels,  brace-roots,  ears  and  sucker  shoots,  are  perhaps  more  often 
attacked  by  the  smut.  The  smul  spores  may  be  scattered  in  manure  if  smutted 
fodder  is  used,  and  it  seems  well  proved  that  manured  land  yields  more  smutted 
corn  than  unmanured.  The  same  may  be  true  of  clover  sod  as  compared  with 
com  stubble.  The  reason  would  exist  in  the  decayed  vegetable  matter,  wherein 
the  secondary  yeast  spores  of  the  smut  may  grow  and  then  may  be  carried  to  the 
com  which  becomes  thus  affecte^d.  Treatment  of  seed  corn  does  not  apparently 
reduce  the  amount  of  smut.  Cutting  and  burning  the  smut  boils  before  they  have 
burst  open  would  be  *  useful.  It  is  worth  while  to  fight  smut  by  all  available 
means. 

COWPBA 

Leaf-Spot.  In  southern  Ohio  where  these  are  g^own  there  is  danger  of  the 
leaf -spot  (Cercospora),    This  is  not  liable  to  be  very  serious. 

Wilt.  The  wilt  fungus  (Necosmospora  vasinfecta  iracheiphila  Erw.  8m.)  is 
more  serious,  although  at  present  largely  confined  to  the  southern  districts.  F6r 
Ohio  conditions  the  practice  of  growing  cowpeas  is  not  of  such  extent  as  to 
threaten  seriously  with  this  disease. 

CRABAPPLB 
Scab.  The  same  scab  which  attacts  the  common  cultivated  sorts  also  attacks 
the  crabapple,  including  both  fruit  and  foliage.    The  remedy  is  that  given  under 
apple. 

Rust.  The  same  rust  fungous 
( Gymnosporangium  macropus  Lk. ), 
in  the  cluster  cup  stage  appears  oo 
the  crabapple  leaves  and  fruit  as 
well  as  upon  the  leaves  and  fruit  of 
apple,  and  leaves  of  Crataegus.  (See 
Apple). 

CROCUS 

Root-Rot.  Little  study  has  been 
made  with  us  of  the  diseases  of 
bulbous  plants,  yet  we  are  liable  to 
import  those  occurring  in  Europe. 
The  common  root  infesting  fungus, 
Rhizoctonia,  is  one  of  the  determined 
troubles  of  crocus  in  France.  Mict  o* 
scopic  identification  of  the  trouble 
should  be  easy  owing  to  the  charac- 
ters of  the  fungus. 

CUCUMBER 

Anthracnose  (Colletotrichum 
Lagenarium  (Pass.)  Hals.).  This 
fungous  disease  attacks  nearly  or 
quite  all  curcurbits  as  well  as  the 
bean.  Upon  the  cucumberin  Ohio 
it  is  apparently  more  destructive  during  the  earlier  season.  The  fungus  may 
be  found  in  the  greenhouses  at  all  cultural  periods,  as  well  as  in  the  field.  It  causes  . 
circular  dead  spots  in  the  leaves,  usually  more  than  one-fourth  inch  in  diameter, 
and  likewise  elongated  brown  areas  on  the  stem.    (See  Bulletin  73,  89  and  105) 


Piff.  47,  Cucumber  leaf  and  stem  attacked  by 
Aothracnoae.  The  dead  areas  in  the  cucumber  leaf, 
caused  by  Anthracnoee,  are  usually  larger  and  more 
nearly  circular  in  outline  than  with  downy  mildew. 
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Unlike  the  downy  mildew,  anthracnose  may  be  checked  after  it  appears,  though 
best  prevented  by  earlier  applications  of  the  fungicide.     In  the  field,  Bordeaux  ' 
mixture  is  to  be  preferred;  in  the  greenhouse,  copper  sulfate  solution,  one  pound 
to  50  gallons,  1^  proved  efficient  and  has  checked  the  anthracnose   after  one- 
fourth  of  the  plants  had  been  destroyed  by  it. 

Damping-off  is  a  frequent  trouble  upon  greenhouse  cucumbers.  It  is  serious 
often  where  plantings  are  made  following  lettuce  attacked  by  rosette.  The 
fungus  in  that  case  is  the  same  as  lettuce  rosette  (jRhizoctonia)  or  lettuce  drop 
{Botrytis),  There  is  a  strictly  damping-off  fungus  (Pyihium  De  Baryanutn 
Hesse)  that  is  sometimes  troublesome.  The  Botrytis  named  at  times  attacks 
pmned  parts  of  cucumber  plants,  also  extending  its  attacks  to  the  blossom  end 
of  young  fruits. 

The  results  of  Rhizoctonia  on  greenhouse  cucumbers  have  been  curious 
owirg  to  attacks  on  the  smaller  root  branches  or  rootlets.  The  growth  of  the 
vines  is  at  times  checked, 
accompanied  by  coloring 
of  the  leaves  and  reduced 
frniitfulness.  Some  grow- 
ers have  given  the  name 
••leaf -curl"  to  this  phe- 
nomenon but  it  is  strictly 
the  effect  of  the  fungus 
najned.  It  has  been  found 
necessary  in  soil  treatments 
where  cucumbers  follow 
affected  lettuce  to  increase 
the  strength  of  formalin 
drench  to  4  or  5  pounds 
per  50  gallons  of  water. 
(See  Soil  Diseases). 

Downy  Mildew.  Downy 
mildew  fungus  {Fiasmo- 
para  Cubensis  (B.  &  C.) 
Humph. )  is  late  in  its  at- 
tacks, not  having  been 
found  in  Ohio  fields  earlier 

than  August  3rd.     It  causes  ,^.4,,   cucumber  leaf  from  fwenhou.c.«tt«:ked  by  Dowhf 

angular,  yellowish  spots  IfUdew.  The  spots  in  the  leaves  caused  by  the  mildew  are 
00  the  leaves,  followed  by  ususlly  outlined  by  tbe  veinlets  of  tbe  leaf  ."Prom  a  photograph 
yeUowing  of  the  whole  leaf      »»>^  T.  F.  Manns. 

and  death,  as  by  frost.  It  spreads  with  extraordinary  rapidity,  requiring  only 
three  or  four  days  to  become  disseminated  throughout  a  large  field.  Unlike 
anthracnose,  it  may  not  be  successfully  checked  after  its  appearance,  and  it  is 
not  safe  to  leave  untreated  plots  in  fields  to  be  sprayed.  July  25th  to  August  1st 
is  sufficiently  early  to  begin  spraying  for  mildew,  but  applications  should  be 
repeated  at  intervals  of  7  or  9  days.  In  1898  an  increase  of  75  bushels  per  acre, 
of  sprayed  over  unsprayed  cucumbers,  was  obtained  at  Creston.  (Bulletin  105). 
Cucumber  pickle  growing  finds  in  this  mildew  its  most  serious  enemy.  If  any 
of  the  crop  is  to  be  harvested  after  August  20-25  spraying  with  fungicides  ap- 
pears necessary.  £arly  planting  may  permit  gathering  the  crop  before  this 
date.  The  downy  mildew  is  also  very  destructive  in  the  forcinghouse,  and  is  to 
be  treated  with  the  same  fungicides  recommended  for  anthracnose.  (Bulletins 
7%  89  and  105). 


Digitized  by 


Google 


394 


OraO  EXPERIMENT  STATION:  BULLETIN  214 


Leaf-spot  of  cucumber  is  also  due  to  fungi.  (Phyllosticta  Cucurbiiacearwm 
Sacc  and  Cercospora  Cucurbitae  E.&E.)  Of  the  two  bpecies  named,  the 
Phyllosticta  was  the  commoner  in  thrifty  pickle  fields  in  1898;  the  Cercospora 
being*  apparently  confined  to  wet  fields,  though  this  cannot  be  expected  to  hold 
true  under  all  circumstances.  The  Phyllosticta  was  found  almost  exclusively 
upon  the  unsprayed  pickle  plants  and  seems,  therefore,  amenable  to  the  same 
treatment  as  applied  for  downy  mildew.     (Bulletin  105). 

Mosaic  Disease  of  greenhouse  cucumbers  has  been  recently  studied  in  Ohia 
This  disease  is  analagous  in  character  to  the  mosaic  disease  of  tobacco  and  to- 
matoes and  to  the  yellows  of  the  peach.  It  is  due  to  an  oxidizing  ferment  in  the 
leaves  and  is  transmitted  like  the  tobacco  mosaic  disease,  by  touching  first  dis- 
eased and  then  healthy  plants.  The  f ruitfulness  of  these  variegated  yellow 
plants  is  very  low  and  it  is  best  at  all  times  upon  the  appeal  ance  of  the  disease 
to  remove  the  diseased  plants  and  destroy  them. 

Nematodes  or  Belworms  (Heterodera  radidcola  (Greef.)  Mull.).  These 
minute  parasitic  worms  are  often  very  destructive  upon  cucumbers  under  f^2M^ 
They  are  especially  so  in  some  cases  recorded  in  Bul- 
letin 73.  The  greatest  injury  may  occtir  on  the  seedling- 
plants,  but  plants  of  all  ages  are  destroyed  by  the  para- 
sitic worms.  Their  presence  may  be  known  by  the 
small,  bead-like  enlargements  produced  upon  the  roots 
or  rootlets.  This  matter  is  treated  at  some  length  in  that 
Bulletin.  No  remedy  has  been  discovered  that  is  effec- 
tive with  plants  once  attacked  by  eel  worms.  The  time 
to  prevent  this  trouble  is  in  the  selection  or  preparation 
or  treatment  of  the  the  soil  for  greenhouse  benches. 
Indeed  the  nematodes  seem  to  be  present  in  old  sod,  and 
to  some  extent  in  decaying  vegetable  matter  generally. 
An  effective  remedy  against  eelworms  consists  in  steam- 
ing* and  so  treating  the  soil  that  the  parasites  will  be 
destroyed.  For  this  procedure  see  calendar  and  Bul- 
letin 73.  Also  Massachsetts  Exp.  Sta.  Bui.  55,  In  thus 
handling  the  soil  due  time  must  be  given  for  draining* 
and  drying. 

Powdery  Mildew  {Erysiphe  Cichoraceamm  DC)  of 
cucumbers  is  also  frequent  in  the  forcing  house,  but 
rarely  destructive  elsewhere.  For  this  fungus  a  dilate 
copper  sulfate  solution  is  effective.     See  Bulletin  73. 

Root-Rot.  The  root-rot  or  so-called  * 'leaf-curl** 
development  on  matured  cucumber  plants  referred  to 
Rhizoctonia^  is  often  serious.  It  is  more  fully  discussed  under  damping'-off  above. 
Spot  of  Cucumber  Fruit  or  Cucumber  Scab  (Cladosporiutn  cucumerium  Ell.  Sl 
Arth.),  has  been  reported  upon  cucumbers  by  Dr.  Arthur  (Ind.  Exp.  Sta.  BuL 
19),  and  may  prove  injurious  if  prevalent.  It  should  be  found  amenable  to  the 
same  treatment  recommended  for  anthracnose  and  downy  mildew. 

Cucumber  Wilts.  The  wilt  diseases  of  cucumbers,  likewise  of  other  cucur- 
bits, are  a  source  of  usual  complaint  in  the  earlier  season,  as  the  plants  are 
beginning  to  form  vines.  In  1899  these  complaints  continued  much  later.  The 
plants  suddenly  wilt  down  as  from  lack  of  water,  then  soon  die.  What  has  been 
referred  to  the  same  general  cause  was  also  observed  in  the  cucumber  forcing- 
house,  apparently  starting  in  the  leaves.  Smith  (Proc.  Am.  Ass.  Adv.  Sci.  1893) 
refers  this  disease  to  a  bacterium  {Bacillus  tracheiphilus  Smith)  which  is  trans- 
ferred from  diseased  to  healthy  plants  by  the  cucumber  beetle  and  the  squaah 
bug.  This  form  of  wilt  has  been  found  on  cucumbers,  muskmelons  and  SQuaahee 
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in  Ohio.  In  addition  we  have  found  to  a  limited  extent,  another  wilt  disease  of 
the  ciKumber  which  aopears  to  be  similar  to  that  described  by  Dr.  Smith. 
(Proc  Am.  Ass.  Adv.  Soi.  1895.  p.  190).  On  watermelons  in  the  South  he  finds 
a  trouble  with  which  ours  ma>  be  identical.  (Bui.  105,  p.  222).  This  latter  is 
referable  to  a  species  of  fungus,  a  fusarium  (Fusarium  niveum  Smith),  which 
grows  internally  in  the  stem  and  finally  plug^  up  the  water  vessels  in  a  manner 
similar  to  the  work  of  the  bacterial  wilt.  Spraying  is  unlikely  to  be  beneficial 
for  this  wilt  or  for  the  bacterial  one.  Preventive  measures  suggest  gathering 
aLd  burning  infected  vines,  and  especially  waging  a  successful  war  against  the 
insects;  these  should  prove  more  or  less  successful  according  to  thoroughness  of 
work.  The  fusarium  wilt  calls  for  rotation  of  crops.  Much  may  be  finally  done 
by  breeding  varieties  resistant  to  wilt. 

CURRANT 

AntfaxBCQoee.  The  anthracnose  (Gloeosporium  ribis  (Lib.)  Mont.)  of  the  currant 
has  occurred  occasionally  and  will  apparently  be  checked  by  the  same  treat- 
ment as  g'iven  for  raspberry  anthracnose. 

Cane  Blight  is  a  very  serious  disease  whenever  stools  are  attacked  by  it. 
The  fungus  (/^eciria  cinuabarina  (Tode)  Fr.)  survives  by  its  threads  in  the 
tissues  of  the  stool  and  upon  the  de«.  J:  of  the  canes  develops  as  a  bright  pink 
mass  of  the  fungus  upon  dead  parts.  While  spraying  may,  and  surely  must, 
keep  down  the  risk  of  infection,  whenever  stools  show  attacks  by  dying  of  a  part 
of  the  canes  and  the  development  of  this  fungus  these  infected  stools  are  doomed 
and  should  be  removed  and  burned. 

Black-Knot.  A  black  knot  fungus  (PUnvrighiia  ribesia  Pers.)  has  been  de- 
scribed upon  currant,  and  is  always  a  possibility  with  us.  It  attacks  the 
branches  or  stems. 

Drop^.  This  disease  has  been  met  with.  It  causes  very  considerable  en- 
largement upon  the  young  stems  of  the  currants,  not  tmlike  in  appearance  the 
enlargements  due  to  crown  gull  in  the  peach,  except  that  usually  more  of  the 
stem  is  involved  than  in  the  other  case.  The  trouble  appears  to  be  due  to  physi- 
ological causes  and  the  pruning  knife  may  aid  cultural  efforts. 


PUr«90.    LMf  of  currant  attacked  by  Uaf-spot.    Tbedead  aiMMaff^ 

n  iatbecarrant  leaf  but  the  fttOKUs  is  difficult  to  diacorer      '^^^^T/> 
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Knot.    This  fungus  {Pleanectria  berolinensis,  Sacc  )  is  a  stem  trouble  of  i 
rants  and  calls  for  investigation.     It  has  been  collected  in  this  state. 

Leaf-Spot  of  currants  is  referable  to  two  species  of  fungi  {Septoria  ribis 
J>esm. \  Cercospora  angulataVf int,)oiv9hicb.  only  the  Septoria  has  been  dis- 
covered in  Ohio.  (See  Bulletin  79).  These  fungi  produce  early  spotting  and  pre- 
mature dropping  of  the  currant  foliage;  in  some  instances  the  leaves  drop  even  t>e- 
fore  the  fruit  has  ripened.  Bordeaux  mixture  applied  as  per  calendar  is  effective 
against  this  disease,  though  late  applications  may  render  it  necessary  to  wash 
the  fruit.  For  this  reason,  if  for  no  other,  the  first  application  should  be  made 
very  early  and  followed  by  about  two  more  at  fortnightly  intervals. 

Rust.  A  rather  common  rust  fungus  {Puccinia  ribis  DC)  has  been  discovered 
upon  currant.  Warning  has  been  recently  sent  out  against  a  second  fungus 
(Cronartium  ribicolutn  Dietr.  Peridermiutn  strobi  Kleb.)  which  attacks  the 
seedlings  of  white  pine  in  the  aecidial  stage,  and  passes  its  uredo  and  teleuto 
stages  upon  leaves  of  currants  and  gooseberries.  This  fungus  is  to  be  sought 
for  with  care  since  its  occun^ence  in  tb«^  United  States  may  have  much  to  do  with 
the  success  of  forest  plantings  of  white  pine. 

Powdery  Mildew  of  gooseberries  {Sphaerotheca  mors-uvae  (Schw.)  B.ACX) 
sometimes  attacks  currants  where  it  is  c.pparently  less  destructive  than  on 
gooseberry.     Reasonable  spray  treatments  should  control  it. 

DBWBBRRY 

Leaf-Spot.  (Septoria  rubi  West.)  Cultivated  dewberries  as  weU  as  the  wild 
sorts,  are  peculiarly  susceptible  to  the  attacks  of  the  leaf -spot  fungus.  It  causes 
very  small  grayish  spots  in  the  leaves.  The  same  fungus  attacks  blackberries 
and  raspberries,  as  previously  stated.  It  may  be  prevented  by  a  careful  appli- 
cation of  Bordeaux  mixture. 

Rust.  The  bramble  rust  also  attacks  the  dewberry  as  in  the  case  of  black- 
berry.   For  treatment  see  blackberry. 

BQQ.PLANT 

Anthracnoae.  The  anthracnose  fungus  of  egg-plant  ( Gloeosporium  melongenae 
Ell.  &  Hals.)  attacks  the  fruits  of  egg-plant  and  causes  spots  in  them.  This 
occurs  frequently  in  Ohio.  These  show  early  as  pits  in  the  surfaces  of  the  fruit 
which  show  the  usual  border. 

Bacterial  Blight.  The  common  solanaceous  blight  organism  {Baderiutm 
solanacearum  Erw.  Sm.)  attacks  the  egg-plant  as  well  as  the  potato  and 
tomato.  Where  attacks  occur  destruction  of  the  affected  plants  is  all  that  can 
be  done. 

Frait-Rot.  A  fruit-rot  of  egg-plant  likewise  occurs  and  may  at  times  appear 
as  a  leaf-spot  fungus.  This,  like  the  anthracnose  and  leaf-spot,  should  yield  to 
treatment  by  sprays.  Ammoniacal  copper  carbonate  may  be  used  toward  the 
ripening  period. 

Leaf-Spots.  Two  or  more  leaf-spot  fungi  have  been  recorded  on  egg-plant 
and  will  doubtless  be  found  when  sought. 

Stem-Rot.  The  stem-rot  fungus  of  sweet  potato  {Nectria  ipomoeae  Hals. )  has 
been  described  upon  egg-plant  by  Dr.  Halsted.  The  conidial  stage  is  evidently  a 
species  of  fusarium  and  it  may  or  may  not  be  a  different  one  from  that  with 
which  we  have  to  contend  upon  the  potato;  it  is  recorded  by  Dr.  Halsted  as  dit 
same  that  occurs  on  sweet  potato. 
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ELM 

Bleeding.  Bleeding'  of  pruned  elm  trees  is  often  annoying  as  well  as 
dangerous.  Mr.  Boddy,  City  Forester  of  Cleveland,  thinks  asphaltum  covering 
over  cut  surface  reduces  or  cures  the  bleeding.  This  is  successful  when  searing 
by  torch  precedes  application  of  dressing. 

Black-Spot.  The  leaves  of  ornamental  elms  are  attacked  by  black  spots 
i£>olAidellaulmi{DuY.)'Wint)  (Gnomonia  Ulmea  (Sacc.)  Thuem.)  which  some- 
tinses  injure  the  leaves,  and  by  this  means  checks  the  tree. 

Other  Leaf  Diseases  also  occur  upon  the  elm.  One  of  these  is  a  leaf-spot 
{nyllosticta  ultnicola  Sacc.)  which  matures  its  spores  in  the  fallen  leaves. 
Gathering  and  burning  these  infested  leaves  will  prove  a  check  on  this  fungus. 

The  Powdery  Mildews  {Microsphaera  Alni  D.C.  and  Uncinula  macrospora 
Pk.,  more  often  the  latter)  likewise  attack  elm  leaves.  If  troublesome  these 
should  be  reached  by  applications  of  Bordeaux  mixture,  making  the  first 
application  when  the  leaves  are  half  g^rown. 

Timber-rots  are  also  known  on  the  elm;  to  be  guarded  against  in  wound 
infection  of  shade  trees. 

Twig  Disease.  In  portions  of  Ohio  and  in  Kentucky  a  dying  of  elms  which 
are  prized  as  shade  trees  has  been  reported.  This  disease  shows  first  as  a  loss 
of  leaves  at  the  ends  of  twigs,  often  at  the  tops  of  trees.  (See  Kentucky  Exp. 
Sta.  Bui.  84).  It  is  believed  by  Prof.  Garman  that  changing  soil  conditions 
have  much  to  do  with  this  disease.  To  the  writer  it  would  seem  that  the  water 
factor  with  this,  as  with  many  other  shade  trees,  may  prove  a  determining 
cause.  At  any  rate,  the  time  has  come  for  a  study  of  these  water  problems  in 
shade  trees. 

SMMBR 

Anthracnose,  Scab,  etc  Emmer  and  its  near  relative,  spelt  are  attacked  in 
Ohio  by  the  Anthracnose  {Colletotrichum  cereale  Manns)  and  by  the  scab 
^Fusarium>  roseum  Lk.)  These  diseases  are  the  same  as  those  occurring  upon 
rye,  wheat  and  other  cereals  under  which  heads  fuller  notes  will  be  given. 
(Also  see  bulletin  203). 

PIQ 

Leaf  Diseases.  The  fig  is  frequently  grown  in  conservatories  and  is  often 
attacked  by  leaf  diseases.  The  commonest  leaf  fungus  {Cercospora  BolUana 
(Thuem.)  Speg.)  of  the  Mediterranean  region  is  a  serious  leaf  disease.  The 
attacked  spots  assume  a  brown  color,  the  leaves  eventually  yellowing  and  drop- 
ping* off.  Where  leaves  of  fig  begin  to  drop  from  such  causes,  a  spraying  with 
Bordeaux  mixture  should  be  applied  upon  the  younger  leaves. 

PILB£RT 

Black-Knot  (Cryptosporella  anomala  (Pk.)  Sacc.)  has  been  found  upon  culti- 
vated filbert  or  hazel-nut  in  New  Jersey  and  Massachusetts  (N.  J.  Exp.  Sta. 
Rept.  1892  and  Mass.  Exp.  Sta.  Rept.  1892).  This  is  a  serious  stem  disease 
which  may  check  successful  culture  when  it  occurs. 

FLAX 

Dodder.  Flax  is  attacked  at  times  by  a  seedling  parasite,  flax-dodder 
iCuscuia  Epilinum  Weihe)  whose  tiny,  leafless  stems  wind  about  the  flax  plant 
and  by  haustoria,  or  sucking  organs  penetrating  the  epidermis,  draw  from  it 
substances  essential  to  healthy  growth.  The  dodder  seeds  are  carried  in  the 
flax  seed  and  prevention  must  seek  to  avoid  the  seeds. 

Other  Diseases  of  flax  are  noted  to  occur  in  the  Northwest  among  which  are  a 
Fusarinm  wilt  and  a  Colletotrichum  blight.  (See  bulletins  50,  55  and  71,  North 
Dakota  Bxp.  Sta.). 
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PORS8T  8BBDLINQ8 

Forest  seedlingB  as  will  be  noted  under  Catalpa,  Pine  and  Sprtioe; 
especially  liable  to  certain  disease  attacks  upon  the  ycmn^  plants.  The  number 
and  variety  of  these  diseases  is  scarcely  realized  until  one  begins  to  care  for  tfaeir 
survival  as  in  forest  culture.  It  will  usually  be  found  in  newly  cleared  atreaa 
used  for  this  purpose  that  the  leaf  mold  is  badly  infected  with  seedling*  paxa^ 
sites.  Some  treatment  of  this  soil  before  using  as  seed  beds  is  desirable.  Por 
some  of  the  commoner  damping-off  fungi  the  formalin  drench  may  succeed.  F^or 
coniferous  seedlings,  other  treatments  may  be  required.  Recently  the  XJoited 
States  Department  of  Agriculture  has  reported  upon  two  methods  of  tresLtxnent 
which  consist  of  the  use  of  dilute  sulphuric  acid,  or  mixtures  of  lime  ^^itfa 
powdered  copper  sulfate.  (See  circular  No.  4,  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture). 

OIN8BNQ 

Leaf  Blight  or  Leaf-Spot,  (Altemaria  sp,)  occurs  upon  ginseng  plantations. 
These  have  been  checked  at  ^imes  by  spraying  with  Bordeaux  taixture,  urliile  at 
other  times  the  sprays  being  made  immediately  before  cold  weather  caused 
serious  losses. 

Root-Rot.  The  root-rot  fungus  ( Thielavia  basicola  Zopf. )  has  been  found  in 
New  York  by  Van  Hook  to  attack  the  roots  of  ginseng  and  cause  destructiFe 
rotting.  This  may  prove  a  serious  drawback  to  ginseng  growing,  and  metliods 
of  prevention  are  difficult  to  propose.     (See  Cornell  Exp.  Sta.  Bui.  219). 

QOLDBN  8BAL 

Leaf-Blight  of  golden  seal  occurs  in  many  plantings.  It  is  due  to  a  fungus 
of  the  same  genus  (Altemaria)  that  proves  troublesome  on  leaves  of  ginseng. 
Spray  applications  need  to  be  worked  out  for  it. 

Q008SBBRRY 

Leaf-Spot.  The  gooseberry  leaves  are  attacked  by  the  same  leaf-spot  fungus 
recorded  upon  the  currant  (Septoria  ribis  Desm. ),  although  the  defoliation  may 
be  even  more  severe  than  on  the  currant.  In  spraying  experiments  at  tliis 
Station,  conducted  by  the  Horticulturist,  it  has  been  found  that  the  goo8el>err7' 
leaf-spot  is  more  easily  prevented  than  the  currant  leaf-spot.  Indeed  no  fungus 
disease  upon  which  we  have  experimented  is  more  easily  prevented  wlieu  the 
fungicide  is  applied  at  the  proper  time.  (See  Spray  Calendar).  Often  the  lea.ves 
from  gooseberry  plants  have  all  dropped  before  maturity  of  fruit,  and  in  bot 
weather  all  the  fruit  has  been  lost  on  the  unsprayed,  check  plants,  wtiile  the 
sprayed  plants  gave  a  fine  yield  of  satisfactory  fruit. 

Powdery  Mildew  {Sphaerotheca  mors-uvae  (Schw.)  B.  A  C.)  is  a  destructive 
fungub  disease  especially  common  upon  English  varieties,  such  as  Industry,  Oroven 
Bob,  &c.  It  has  been  destructive  also  upon  the  Houghton.  As  already  sta,ted 
this  mildew  attacks  currants.  From  the  nature  of  this  fungus  the  first  spra^yiug 
with  Bordeaux  mixture  should  be  made  early  in  the  season.  (See  Bulletin  79). 
Subsequent  applications  may  be  either  of  Bordeaux  mixture  or  potassium  sulfid. 
(See  Calendar).  After  fruit  is  half  grown  the  latter  fungicide  is  to  be  preferred 
since  it  is  more  easily  removed  from  the  fruit. 

Rust.    See  currant  rust. 
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QOURD 

Anthracnose,  Down^  Bfildew,  Ac.  Gourds  are  susceptible  to  the  same 
fungus  diseases  as  the  cucumber.  The  two  most  conspicuous  are  anthracnose 
aod  downy  mildew.  The  anthracnose,  especially,  causes  spotting  and  discolor- 
adon  on  the  gourds.  This  may  be  arrested  if,  when  the  gourds  are  gathered, 
tfaey  are  subjected  to  treatment  with  scalding  water;  otherwise  the  development 
of  the  tungus  continues  while  the  disfiguring  increases.  Field  treatment  in  this 
case  is  the  same  as  recommended  for  like  diseases  of  the  cuciunber. 

QRAPS 

Anthracnose.  As  is  well  known  we  have  a 
long  list  of  fungi  attacking  the  grape,  among  them 
the  anthracnose  fungus  (Sphaceloma  ampelinum) 
which  is  found  upon  leaves  and  stems  as  well  as 
the  fruity  causing  definite  sunken  spots,  usually 
with  a  central  area  of  lighter  color.  Upon  the 
fruit  the  appearance  has  suggested  the  name 
"bird's-eye-rot"  and  the  last  the  name  bitter-rot. 
Where  prevalent  the  anthracnose  may  be  entirely 
prevented  by  following  the  directions  in  the  use  of 
Bordeaux  mixture  as  given  in  the  calendar. 

Bitter-Rot  {Melanconium  fuligineum  (Scrib  ft 
Vial  a)  Cav.)  of  the  grape  is  sometimes  prevalent  but 
perhaps  less  frequent  in  Ohio  than  the  black-rot. 

Black-Rot  (Guignardia 

Bidwellii  Ell.)   is  one  of 

the  most  troublesome  and' 

destructive  of  grape   dia- 

FW.  51.   QrapM  attected  bsr  j^   chiefly    attacks 

aotteacnoae,  also  called  Bint'sBy*        ...  ,  ,      , 

Kot  the  fruit  and  causes  dark 

spotting  and  rotting  of  the 
?reen  berries,  but  it  may  also  attack  the  leaves,  petioles 
iod  cluster  branches,  producing  circular  or  elongated 
dead  spots  in  them.  The  rotted  fruits  persist  upon  the 
branches  and  may  hang  on  over  winter,  thus  carrying 
the  fungus  from  year  to  year.  This  disease,  if  neg- 
lected, is  very  destructive  and  the  longer  the  neglect  the 
greater  is  the  difficulty  in  prevention.  Because  of  the 
circumstances  stated,  delay  in  beginning  the  treatment 
increases  the  difficulty.  It  is  apparently  essential  that 
first  applications  of  ftmgicide  for  the  black  rot  be  made 
while  the  vines  are  dormant  and  that  these  be  very 
trough,  followed  by  the  later  applications  as  per 
calendar.  Omission  of  the  spraying  just  before  the 
blossoms  open  may  lead  to  ragged  clusters,  from  drop- 
ping of  the   small  grapes.      (See  report  of  the  U.  S. 

DepL  of  Agr.  1896).     (Ohio  Exp.  Sta.  Bui.  130).  ^^^^  52.     A  cluster  of 

Cnrnn-Gall.      Crown  gall  of  the  grape  is  known  to      JT^i'J:^^^^ 
give  trouble  in  Ohio.     This  comes  as  enlargements  near      u^ ht  brown  in  color  im- 
the  crown  and  on  the  roots.     The  latter  occurring  upon      mediately  followlnf  decay, 
raspberry,  peach,  etc.    It  is  believed  to   be   due  to  the 
same  cause  as  the  other  crown  galls  and  to  be  handled  only  through  removal 
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Downy  Mildew  (Hasmopara  viticola  (B.  &  C.)  Ber.  &  D'Ton)  of  the  grape  is 
a  prevalent  fungus  disease  which  has  long  been  known  and  repeatedly  studied. 
By  it  the  leaves  are  attacked  and  the  fungus  forms  in  them  Oospores  by  which 
the  winter  is  passed.  The  fungus  also  attacks  the  berries,  causing  t>rowii-rot 
Gathering  and  burning  the  fallen  leaves  may  therefore  be  useful.  ]^fo  par- 
ticular difficulty  attends  the  prevention  of  downy  mildew  if  spraying-  is 
thoroughly  done. 


Piff.  53.    Leaf  and  ttem  of  crape  attacked  by  Black-rot    The  leaiona  la  the  item 
are  dark  coloted.    Thoee  in  the  leaf  abow  aa  dyinf  areas. 

Powdery  Mildew  (Uncinula  necator  Schw.)  is  likewise  prevalent  upon  lK)th 
leaves  and  fruit.  Like  all  powdery  mildews  the  parts  attacked  are  covered  over 
by  the  web-like  threads  of  the  mildew  fungus.  This  is  successfully  prevented 
by  the  use  of  Bordeaux  mixture  as  elsewhere  directed.  (For  illustrations  oi 
grape  diseases  see  Report  U.  S.  Dept.  of  Agriculture  1886  and  1887;  also 
Scribner,  "Fungus  Diseases  of  the  Grape,  etc.")* 

Stem  Cankers.  Stem  cankers  of  the  grape  are  rather  frequent.  Many  of 
these  are  due  to  injury  caused  by  freezing  by  which  dead  spots  are  produced 
and  in  the  process  of  healing  these  injuries  become  surrounded  by  excessive 
growth  and  enlargements.  In  some  instances  the  enlargements  obtained  a 
diameter  of  two  or  three  times  the  size  of  the  stem.  The  preventive  measura 
are  the  same  as  for  any  freezing  injury,  viz.,  drainage  and  prevention  of  ex- 
cessive late  growth. 
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Dying'  of  grsLpe  canes  has  been  studied  in  one  vineyard  where  it  appears 
also  to  be  associated  with  crown  gall  and  to  result  from  other  diseased  conditions. 
(See  circular  64).  In  this  case  a  portion  of  the  vineyard  died  out  almost  com- 
pletely; followed  by  sprouting  of 
a  portion  of  the  roots.  In 
August  there  was  wilting  and 
drying  up  associated  with  dis- 
eased stem  conditions. 

The  history  of  this  case  indi- 
cates that  the  removal  and 
replanting  of  vines  will  be  more 
successful  than  to  endeavor  to 
start  vines  again  by  sprouts 
from  bases  of  injured  vines. 

White-Rot.  Diseased  con- 
ditions of  the  earlier  stages  of 
black-rot  showing  light  color  of 
the  berries  leads  to  the  use  of 
the  term  white-rot.  As  yet,  how- 
ever, the  writer  has  never  con- 
clusively proved  that  we  have  a 
white-rot  development  different 
from  this  stage  of  the  black-rot  of 
the  grrape  in  Ohio.  Where  grow- 
ers  suspect  this  form  of  rot  the 
method  of  treatment  is  the  same 
as  for  black-rot. 

QRAS8E8 

Anthracnoaes,  Smuts  and 
Rusts  arefotmd  upon  the  grasses* 
These  are  in  part  described 
under  blue-grass,  orchard- 
grass,  red-top,  timothy,  and 
chess. 

HAZELNUT 

See  Filbert. 

HSMLOCK 

Hemlock  g^ows  freely  with 
us  and  is  apparently  quite  free 
from  foliage  troubles. 

Heart-Rot  ( Trameies  pini 
(Brot.)  Fr.)  and  Sap  Hot  {Fames 
pinicola  (Sw.)  Gill)  are  reported 
from  districts  where  special 
attention  is  given  to  the 
conditions. 


Fls.  54.  lUustratioa  •howinr  stroms  of  a  fungus 
^oUeved  to  take  put  in  death  of  crape  etalka.  The  separate 
<iot-srowthB  are  at  times  united  into  elongated  ridges. 
Pkt>m  Circular  No.  64. 


HICKORY 


Lesf-Spot.  A  hickory  leaf-spot  {Marsonia  juglandis  (Lib.)  Sacc.)  is  quite 
general  and  leads  to  dying  of  the  leaves  prematurely.  This  really  merits  much 
closer  study  than  has  yet  t>een  given  it  in  our  state. 
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HOIXYHOCK 

AntimcnoM  (CoUetotrichum  malvarum  (Braun  &  Casp.)  Sonthw.)  An 
illustration  baa  been  publisbed  in  tbe  Journal  Mycology  (Vol.  6:46-48).  It  may 
attack  any  part  of  tbe  plant,  and  is  a  serious  trouble  wbere  it  occurs. 

Leaf  Blight  (Cercospora  AUhaeina  Sacc.)  is  another  fungus  disease  of  the 
hollyhock.  These  two  diseases  of  the  hollyhock  should  be  amenable  to  spraying 
with  standard  fungicides. 

Rust  (Puccinia  malvacearum  Mont)  On  the  other  hand  this  recently 
introduced  disease  of  the  hollyhock  is  much  less  likely  to  be  prevented  by 
spraying.  Tbe  rust  fungus  forms  dense  patches,  spots  or  sori,  on  the  under 
side  of  the  leaves.  These  are  commonly  about  one-sixteenth  inch  or  more  in  di- 
ameter, of  grayish-brown  color  and  projecting  below  tbe  leaf  surface,  while  a 
minute  yellow  spot  early  appears  on  the  upper  surface  of  the  leaf.  Sub- 
sequently the  diseased  leaves  drop  and  by  the  time  the  plants  are  blooming'  the 
the  stem  below  is  bare  or  disfigured  by  the  remains  of  the  diseased  leaves.  At 
the  Station  this  rust  has  been  prevalent  and  the  complaint  is  general  respecting 
the  same  trouble.  It  would  seem  wise  to  gather  and  bum  all  the  affected 
leaves  and  likewise  the  old  stems  as  early  as  possible.  Between  anthracnose 
and  rust  these  popular  old  flowers  are  having,  at  present,  a  difficult  time  of  it. 

HOR8K.CHB8TNUT 

Leaf-Spot  of  the  horse-chestnut  (/%>'//^5/^^  paviae  Desm. )  is  quite  frequent 
During  1906  and  1909,  tip-bum  was  associated  with  leaf-spot;  as  near  as  could 
be  determined,  the  tip-bum  followed  punctures  of  leaf  hoppers  or  other  insects 
and  the  plants  made  very  restricted  grrowth  during  the  season.  It  may  be 
necessary  to  take  combined  spraying  applications  for  leaf-spot  and  the  insect 
troubles.  Bordeaux  mixture  is  recommended  for  this  purpose  and  has  in  *tfie 
past  given  very  satisfactory  results  for  leaf-spot.  The  first  application  afaould 
be  made  when  the  leaves  are  about  half  grown,  to  be  followed  by  others  at 
intervals  of  three  weeks. 

HOR8BRAD»H 

Leaf  Blight  {Ramularia  armoraceae  Fckl.)  is  frequent  upon  horseradish 
and  is  also  found  upon  other  mustard  plants.  Ordinarily  the  severity  of  attack 
does  not  call  for  spray  treatment. 

Leaf-Spot  (  Cercospora  armoraceae  Sacc. )  is  less  frequent  and  not  serious  in 
its  effects. 

White  Mokl  (Cysiopus  candidus  Pers)  which  is  so  common  upon  shepherd's 
purse  and  other  low  plants  of  the  mustard  family,  likewise  attacks  horseradish. 
Owing  to  the  heavy  root  development  of  horseradish  the  temporary  parasitic 
attack  does  not  give  noticeable  injury. 

HYDRANQBA 

Leaf  Blight.  A  leaf  blight  fungus  {FhyllosHcta  Hydrangeae  £.  &  £.)  has 
been  observed  on  Hydrangea  by  Dr.  Halsted  in  New  Jersey.  This  may  be 
serious  at  times  upon  this  ornamental  plant. 

Rust  Hydrangea  is  likewise  attacked  by  the  rust  fungus.  {Melatnpsora 
Hydrangeae  DC. )  This  may  also  be  at  times,  quite  serious.  Remedies  for 
neither  of  these  troubles  have  as  yet  been  worked  out 
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UUB 

Bolb-Spot.  Massey  has  reported  a  fungous  causing  black  patches  on 
tibe  surfaces  of  iris  bulbs.  This  fungus  (Mystrosporum  aductum  Mass. )  from  a 
description  given,  resembles  onion  smudge  in  its  appearance  and  effects.  Loss 
is  prevented  by  soaking  the  bulbs  for  an  hour  in  Formalin  solution. 

Lesf-BIight.  The  leaves  and  roots  of  iris  have  been  reported  in  England  to 
be  attacked  by  a  fungus.  {Botryiis  galanthina  Mass. )  This  disease  is  likely 
to  be  present  in  shipments  of  iris  about  the  world.  It  is  described  as  first 
attacking  the  leaves  and  later  destroying  the  root,  thus  causing  the  death  of  the 
plant. 

IVY 

Lesf-^>ot  and  Lesf-Blight.  Leaf  diseases  of  English  ivy  are  occasionally 
reported  but  have  not  been  studied  for  our  district.  Dr.  Halsted  has  described 
a  blight  uixm  variegated  forms  of  English  ivy  (  Vermicularia  trichella  Hals. ). 
In  this  connection  we  need  to  bear  in  mind  that  variegated  plants  are  especially 
susceptible  to  disease  and  are  therefore  liable  to  suffer. 

JAPAN  CRBBPBR 

See  Virginia  Creeper. 

LARCH 

Canker  and  Rots.  Larches  are  but  little  grrown  in  our  territory.  In  Canada 
there  has  been  described  a  larch  canker  {Peziza  willkomii  Hartig. )  This  attacks 
tbe  trunk  and  branches.  In  common  with  other  conifers  the  larch  suffers  from 
tree  infecting  rot  fungi.  The  lack  of  American  data  upon  these  diseases  empha- 
sixes  our  need  for  such  studies. 

LBliON 

Greenhouse  specimens  of  lemon  trees  are  a  source  of  a  good  many  in- 
quiries. These  are  chiefly  leaf  diseases  which  arise  from  the  brown  molds  and 
other  fungi  infesting  these  plants.  As  a  rule  they  are  amenable  to  spray 
treatments  with  standard  fungicides. 

Rots.  Allusion  has  been  made  to  storage  and  transit  rots  of  citrus  fruits. 
The  lemon  is  no  exception  to  the  attacks  of  these  rots.  The  blue  mold 
(Plenicilliufn)  is  a  very  common  form,  and  may  be  met  with  in  almost  any  of  the 
ordinary  shipments  of  lemons.  Brown-rot  {Pythiacystis  ciirophthora  R.  E.  Sm.) 
is  a  serious  trouble  in  California  lemons  especially.  It  appears  as  a  white 
mold  on  tbe  surface  of  affected  fruit. 
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LBTTUCB 

Anthracnose  or  LeafP«ffor»» 
tion.  This  disease  of  lettuce  was 
discovered  by  the  writer  in  1896 
and  sent  to  Dr.  J.  B.  Ellis  for 
description  of  the  fungous  (MoT" 
sonia  perforans  E.  &  £.)  It 
shows  upon  the  lettuce  plants 
as  dying'  of  spots  in  the  lea^ves 
whlcn  break  free  and  drop  out. 
The  fungus  also  produces  lesions 
in  the  midrib  of  the  leaf.  In 
cases  of  young  leaves  the  attacks 
of  the  fungus  causes  distortion 
of  the  leaf,  especially  toward  the 
top.  Apparently  very  few  plants 
recover  after  being  once  attacked* 
although  one  may  reasonably 
keep  down  this  disease  in  the 
seed  beds  and  young  plants  by 
the  use  of  Bordeaux  mixture. 
For  houses  once  seriously 
infested,  thorough  fumigatioo 
and  soil  treatment  would  proba- 
bly be  profitable.  It  is  not  gen- 
erally distributed* 

Downy  Mildew  {Bremia  Lac^ 
^ucae  Kegel)  is  the  work  of 
;'nother  fungus  which  belongs  to 
the  same  class  as  the  downy 
mildew  of  the  cucumber.  It  forms 
yellow  spots  in  the  upper  leaf 
surface  which  appear  below  as 
whitened,  downy  covered  areas* 
Like  the  dcwny  mildew  of 
cucumbers  this  one  may  spread 
very  rapidly  under  favorable 
conditions,  such  as  warmth  and 
surface  watering  in  the  greenhouse.  Keeping  water  from  the  foliage  by  sub- 
irrigation  of  the  beds  has  been  found  very  beneficial  (Bulletin  73).  Gathering 
and  burning  the  diseased  leaves  or  plants  will  usually  repay  the  labor. 
Particular  attention  to  heat  and  moisture  will  usually  render  spraying 
unnecessary  and  it  is  certainly  inadvisable  except  to  eliminate  the  fungus 
from  the  house.    Avoid  too  high  temperature  or  loo  much  moisture  on  plants. 

Rosette  or  Rhisoctonis.  This  is  a  very  troublesome  disease  of  greenhouse 
lettuce  which  arises  from  the  accumulation  of  the  sterile  fungus  {Rhizoctonia  sp.) 
in  heavily  manured  soils  used  for  continuous  greenhouse  culture.  Upon  the 
young  seedlings  the  Rosette  fungus  produces  stem  lesions  and  rotting  off  or 
damping  off  of  the  plants  (Fig.  57)  or  with  larger  plants  which  are  later  attacked 
upon  the  branch  roots  or  rootlets,  the  restricted  root  development  prevents  growth 
of  the  plant  axis  and  gives  a  basal  development  of  normal  leaves  with  a  rosette- 
shortened  center  of  leaves.    Where  serious,  the  crop  is  shortened  very  much  and 


Piff.  55.  Lettuce  leaf  attacked  hy  Anthracnoee. 
The  dead  apota  caused  by  this  funcua  frequently  break 
looae  and  drop  out.  cauain^  perforation  of  the  leavea. 
On  the  midrib  the  leeiona  are  deep-aeated.  The  two 
celled  aporea  are  ahown  hirhly  magnified.  Prom  Bulletin 
7S. 
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tht  !o88  of  stand  on  smaller  plants  is  frequently  very  heavy.  Good  results  in 
prevention  bave  been  obtained,  both  from  steaming*  and  from  formalin  drench 
as  per  directions  in  seed  and  soil  treatments.  The  fun^s  also  attacks  the 
succeeding:  crops  of  tomatoes,  cucumbers,  etc.  Attention  must  in  all  cases  first 
(be  p^ven  to  growing-  healthy  seedling  plants,  to  be  followed  by  soil  disinfection. 
See  Circular  No.  57> 


ns-  SC  On  tbe  left  U  shown  m  healtbjr  lettuce  plant,,  on  the  rirht  diseued  lettuce  plant  with 
v^ffff^  efltecta  produced  by  inoculation  of  pure  culture  of  Rhisoctonia.  Tbe  effect  of  the  Roeetta 
Pnacns  >*  alxywn  in  destroying  absorbent  rootlets  and  in  tbe  rrowtb  of  additional  new  roots;  it  also 
prevents  the  p«x>per  development  and  elongation  of  the  axis  or  stem  of  the  plant.  Prom  Circular  No.  57. 
(See  also  PUT.  57). 

Lettuce  Rot  or  Lettuce  Drop.  This  is  by  all  odds  the  most  troublesome 
disease  to  the  lettuce  grower.  The  plants  may  rot  off  at  the  surface  of  the 
earth  and  the  central  parts,  especially  of  head  lettuce,  may  become  attacked  by 
the  rot  fungus  (Sclerotinia  Liberliana  FckL)  (Boirytis  vulgaris  Fr.).  The 
fungus  appears  as  a  whitened  covering  with  a  liberal  production  of  spores  in 
clusters.  At  this  Station  it  has  not  been  possible  to  succeed  with  the  head 
lettuce  because  of  the  rot.  Fumigation  of  house,  the  use  of  fresh  or  steamed 
earth  each  year  and  the  careful  regulation  of  temperature  and  water  supply, 
seem  to  be  the  measures  most  favorable  to  prevention.  A  low  night  temperature, 
less  than  SO  degrees  F.  is  very  desirable,  while  too  high  a  temperature  will 
usually  result  in  disease.  Ventilation  is  all  essential  during  the  day.  It  is 
desirable  also  to  guther  and  bum  rotted  leaves  and  plants. 

Leaf-Spot.  .  The  leaf-spot  fungus  {Septoria  consimilis  E.  &  M.)  is  frequent 
upon  inrild  lettuce  plants  and  occassionally  upon  outdoor  lettuce,  especially  in 
late  seasons.  The  small  characteristic  leaf -spots  are  not  difficult  to  distinguish 
from  anthracnose.     The  remedies  are  confined  to  avoidance. 

Root-Rot  and  Stem-Rot.  A  bacterial  stem-blight  has  been  described  from 
Vermont,  but  has  not  been  found  with  us.  A  recent  stem-rot  infection  closely 
resembles   rosette   in  the   behavior  and  form  of  affected   plants.     Microscopic 
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examination  shows  that  the  stem  tissues  are  somewhat  brown  and  that  fhl 
brown  and  dead  rootlets  are  occupied  by  the  fungns  which  is  referred  to  a 
■pecies  of  fHisarium.  This  disease  is  at  present  under  investigation  and  should 
be  controlled,  if  at  all,  by  the  thorough  soil  treatments  recommended  under 
lettuce  rosette.  It  will  be  no  use  to  disinfect  the  houses  and  then  grow  plants 
in  diseased  soiL 


Fiff.  57.  Tbia  shows  root  portioas  off  seedling  lettuce  plants  with  dsrk  spots,  lesions  csoMtftf 
attacks  of  tbs  nsette  funffos,  RkiMoctouia,  With  the  younger  planta  tlieae  attacka  canae  lane  moitinf 
and  in  very  amall  aeadlings  the  atem  of  plantlat  may  eariy  collapae  after  the  mannar  ahown  in  rottM 
aped  mens.    (From  Cifd^W  No.  57). 

Tip-bum.  Tip-bum  of  lettuce  leaveb  iS  often  brought  to  notice.  UiuaUy 
it  is  associated  with  unsatisfactory  watering  in  the  ^eenhouae.  or  with  extreme 
changes  to  summer  weather.  The  remedy  consists  in  the  methods  of  wateriiV 
employed. 
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X  LILY 

X«i|y  diflcasti  sre  frequent  in  all  lily  growing  districts.  Wi^  ns  no  study 
flis  been  made,  as  little  complaint  is  made  to  us.  Doubtless  the  chief  factor  is 
to  secure  healthy  bulbs. 

LOCUST 

Seait-Rof  (TVameies  robiniophila  Murr.  ^xA Fames rimosus  Berk.).  In 
•oudiem  Ohio  the  locust  is  reported  as  su£5ering  from  a  heart  rot  trouble, 
but  to  which  of  the  several  species  occurring  in  different  parts  of  the  United 
States,  we  must  ascribe  most  injury  we  are  not  yet  able  to  decide.  Both  species 
occur  in  Ohio.  The  rot  is  described  as  infecting  the  heart  of  much  of  the  trunk, 
ao  that  trunks  may  be  of  no  value  above  the  first  post  length  or  less  from  base. 
The  heart  wood  is  converted  into  punk  and  the  fungus  fruits  externally,  as  is 
ooomionly  the  case. 

LUPINUS 

Several  species  of  lupinus  are  used  for  ornamental  or  other  plantings  and 
are  liable  to  the  same  group  of  diseases  as  are  found  upon  alfalfa,  clovers  and 
pea. 

IIANOBL.WURZSL 

liangel»wurzel  being  a  near  relative  of  the  beet  is  liable  to  be  attacked  by 
essentially  the  same  diseases  as  the  garden  beet.  These  are  usually  leaf«spot, 
mst,  dry-rotr  etc 

MAPLB 

Antfttscnoee.  (Gloeospcrium  apocryptum  B.  A  E.)  This  disease  attacks 
yoong  Norway  maples  (See  N.  Y.  Sta.  Report  '95)  and  has  been  also  identified 
OD  the  young  shoots  of  sug^ar  maples  in  Ohio.  The  new  leaves  were  reported 
destroyed  by  the  fungus  which  is  much  more  common  in  Ohio  on  sycamore 
trees.    Applications  of  Bordeaux  mixture  should  check  this  disease. 

RbjFtisma  and  Leaf-spot.  The  leaves  of  cultivated  maples  are  often  dis« 
figured  by  dark  colored  incrustations  following  the  line  of  the  veins.  These  in- 
crustations are  almost  black  and  are  caused  by  a  fungus,  (Rhytisma  acerinum 
(Pers.)  Fr.)  The  trouble  is  usually  not  serious,  but  if  prevalent  it  would  seem 
advisable  to  gather  and  bum  all  leaves  attacked  by  it.  The  leaf-spot  fungus 
(Pkylloslic^  acericola  (Cke.  A  £11. )  often  causes  small  spots,  or  dead  areas,  in 
the  leaves.  This  may  sometimes  prove  so  serious  as  to  call  for  applications  of 
fungicides. 

MOdew.  Maple  leaves  are  overrun  by  the  powdery  mildew  fungus  (C/iM:fif«Ai) 
at  times,  but  this  is  not  difficult  to  check  even  if  spraying  becomes  necessary. 

T^Buxn — Sun-Scald.  Tip-bum  conditions  upon  the  maple  in  1906  and  1909 
were  similar  to  those  described  for  horse  chestnut  and  evidently  due  to 
secondary  cimsequences  of  insect  punctures. 

Son-Scald  or  winter  injury  effects  are  frequent  upon  maples  after  the 
manner  of  those  described  for  apples.  They  are  due  to  a  killing  of  unripened 
tissues  by  premature  freexing  and  are  only  preventable  by  avoidance. 
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lOLLBT 

Leaf-Spot.    Leave,  of  millet,  dyingr  from  smaU,   ligbt-color«d  spots,    w^ 
recently  examined.    These  spot,  are  due  to  a  fungus  (/Vr^V^/af^  ^'^^^^^ 
Sacc.)  and  the  dying  may  at  times  be  enough  to  shorten  the  yie  d  of  *^^^^^ 

Smtit.  The  seeds  of  millet  are  often  attacked  by  the  millet  smut  ^i^ 
(Ustilago  CrameH  Kornicke)  which  transforms  them  into  black  '^^^^'^^  *°?~ 
spores,  much  after  the  manner  of  stinking  smut  in  wheat.  This  is  UaDie  ^o  J 
jure  the  feeding  value  of  the  millet,  although  it  is  not  likely  that  tl^  smut  w^ 
Injure  stock  when  millet  is  fed  in  the  usual  quantities.  AU  smutted  ^^'^J^ 
course,  is  ineffective  and  useless,  and  the  smutted  seed  when  again  sown  wu^ 
produce  a  smutted  crop.  The  smut  is  prevented  by  the  same  hot  ^^"^^T— 
treatment  as  that  applied  to  prevent  oat  smut.  In  experiments  conductea  ^jy 
the  Botanist  of  this  Station  this  treatment  was  successful. 

MULBBRRY 

Bacterial  Diaeaaes.  Russian  varieties  of  mulberries  have  new  S^.®^"^*****^^ 
pecially  new  sprouts  attacked  by  a  bacterium.  These  deep  dark  lesions  re»o" 
in  cankers  and  all  the  various  phenomena  of  the  plant's  effort  to  heal  a  wound 
in  the  wood.  The  trouble  is  so  difficult  to  handle  that  where  Russian  mol- 
berriea  are  badly  attacked,  rejections  may  be  necessary.  r^^^ 

Laaf-Spot.  Mulberries  are  at  times  attacked  by  a  leaf-spot  (CW«^^€?rw 
moricola  Cke.)  but  this  is  rarely  serious  in  our  district. 

MUSKMBLON 

Anthraonoaa.  The  oommon  anthracnose  fungus  of  the  muskmckm  {.CoUetc- 
irickum  Lagtnarium  Pass.)  is  the  same  as  that  of  the  cucumlier.  It  attacks  liic 
atama  of  planta  of  all  sices  as  well  as  the  leaves,  resulting  in  the  lesions  of  tbe 
atem  and  dead  apota  in  the  leaves.  In  these  the  fungus  produces  the  frmtin^ 
bodies.  After  the  seedling  stage  is  passed  it  is  usually  possible  to  keep  tbe 
anthraonoae  in  check  by  the  spraying  as  recommended  for  cucumbers. 

The  fruit  anthracnose  of  the  muskmelon  {ColUiotrickum  oligochaetum  Cav.>  is 
widely  distributed  and  hasoccured  with  us.  It  forms  yellowish,  diseased  spots 
on  the  fruits  and  may  disfigure  them  considerable.  It  is  too  soon  with  us  to 
•atimate  possible  losses  from  it.  Thorough  spraying  wi^  Bordeaux  mixture 
should  hold  it  in  check  if  begun  on  the  young  fruits  and  repeated  once  or  twice  at 

lUack«Spot  In  1906  a  ease  of  black-rot  or  spot-rot  of  m jskmelon  fruits  was 
rt»|K>vtiH\  with  specimens.  The  spots  were  depressed  and  accompanied  by  decay. 
N\>  dcnulta  cau»ta  organism  was  determined,  attboagh  one  or  more  were  present 
iu  th»  spots.  It  ia  believed  that  spraying  wiU  bold  it  in  check  but  the  case  was 
r%Cvriip\\  to  US  to  late  to  test  this* 

^^"^  MiMaw  of  muskmelon  is  cansed  by  the  saaae  Plasmopara  foncrn*  »& 
ths  dowuy  mildt^w  of  cvKumbers.  As  we  bate  the  tan^ns  in  Ohio  it  does  not 
^IH^r  uiitil  tv^wards  the  midvUe  of  Augvot.  b«t  U  then  ^ery  destmctiTe,  sweep- 
U>^j  raiUvW^Yovt'r  th^melott&rldsandleaTit^  only  devastation  tM^xind.  In  its 
MtaoKstbtja^K^  of  th^  muskmelon  leaves  are  soniewbat  different^  sha^^e  and 
^v^AlVy  o<  a  d^rKiNP  wlor  th^n  in  the  case  o<  the  cocomber.  One  with 
niriwT^  "^  "^'^^^'^  dUtincuish  by  the  use  of  an  ordinary  band-^ass.  He 
V  UMt^»ti^v>»xth*uud*r  side  ottba  leaf  the  violet  spores  and  spore-bearing 


Digitized  by 


Google 


■  DISEASES  OF  CULTIVATED  PLANTS  409 

tfireatds  of  the  mildew  fungus.  The  melons  which  are  unripened  upon  the  vines 
"wlieii  atttacked  by  mildew  are  practically  worthless  and  ^r  this  reason  large 
losses  a,re  usually  incurred.  The  treatment  is  by  Bordeaux  mixture,  as  for 
ciicixiiil>ers. 

BAuskmelon  Leaf  Blight  is  a  disease  more  or  less  peculiar  to  the  muskmelon^ 
altlioix^ti  tlie  fungus  (Alicmaria  sp.)  which  causes  it  has  also  been  found  upon 
cuciuiit>er  leaves.  The  leaf  blight  causes  rather  large  dead  areas  in  the  leaves 
wliicli  a.re  usually  distinguished 
from  Hiose  of  downy  mildew  by 
their  la.rger  size  and  the  tendency 
of  the  central  portion  to  break 
out.  The  prevention  of  musk- 
meloti  lesLf  hlig-ht  is  by  no  means 
an  easy  -mattery  requiring  of 
itself  great  thoroughness  and  care- 
fulness in  the  application  of  the 
Bordea^ujc  mixture  and  also  re- 
quiring" that  the  downy  mildew 
shall  t>e  watched  during  the  same 
period.  For  this  reason  earlier 
spra^yings,  if  made  before  Aug-- 
ust  Isty  should  be  repeated  at 
fortniglitly  intervals,  while  those 
after  A.ugust  1st  should  be  at 
^v^eekly    or  ten-day    intervals. 

Melon     growers    have    succeeded  Fie.  58.    Muakmelon  leaf  attacked  by  leitfbUfbt.    The 

hy  following  these    lines,    while       J^JJI^"*  **""^  by  a  apedea  of  Altarnaria.    Prom 
Osiers  -who   were  less  thorough 

-^rere  less  successful,  or  failed  entirely.  The  treatment  is  recommended  with 
confidence.     (Bulletins  73  and  105). 

Root-Rot.  (RhizDctania)  The  root  diseases  accompanied  by  rotting-  of  the 
rootlets  and  induced  by  the  sterile  fungus  of  lettuce  rosette  is  also  found  on 
greenhouse  muskmelons.  This  is  liable  to  be  the  case  where  these  follow  dis- 
.eased,  crops  of  lettuce.  The  prevention  is  the  same  as  that  for  the  cucumbers, 
^^2.  9  thorough  soil  treatment. 

Muskmelon  Wilts  are  the  same  in  general  character  as  those  described  for  the 
<nict3xnher.  Not  only  the  bacterial  wilt  disease  but  the  wilt  due  to  fusarium  has 
developed  upon  muskmelons  in  this  state.  The  symptoms  are  the  same  as  for 
oticnmhers,  namely:  sudden  wilting  as  from  lack  of  water,  followed  by  dying, 
7tie  prevention  treatment  is  the  same  as  before  reconmiended. 

MUSTARDS 

Black-Rot.  Mustard  plants  of,  all  species  are  liable  to  be  attacked  by  black- 
rot  and  if  permitted  to  grow  as  weeds  in  fields  devoted  to  cabbage  growing  and 
^vill  carry  the  black-rot  trouble  through  the  rotations  in  spite  of  the  grower's 
other  efforts.     Let  no  mustard  weeds  survive  in  such  rotations. 

Club-Root.  Mustard  plants  generally  are  attacked  by  the  club-root  fungus 
(^PiasfHvdiophora  Brassicae  Wor.)  when  this  is  present  in  the  soil.  For  this 
reason  the  weeds  of  several  species  may  be  infested  upon  lands  that  have  never 
been  brought  under  cultivation.  Due  attention  should  be  given  to  mustard  plants 
in  new  lands  when  designed  for  cabbage. 
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MILLBT 

Leaf-Spot.  Leaves  of  millet,  dying  from  small,  light-colored  spots,  were 
recently  examined.  These  spots  are  due  to  a  fungus  (PirUularia  grisea  (Cke«; 
Sacc.)  and  the  dying  may  at  times  be  enough  to  shorten  the  yield  of  forage. 

Smut.  The  seeds  of  millet  are  often  attacked  by  the  millet  smut  fungus 
(UsHlago  Crameri  Komicke)  which  transforms  them  into  black  masses  of  smut 
spores,  much  after  the  manner  of  stinking  smut  in  wheat.  This  is  liable  to  in- 
jure the  feeding  value  of  the  millet,  although  it  is  not  likely  that  the  smut  will 
injure  stock  when  millet  is  fed  in  the  usual  quantities.  All  smutted  grain,  of 
course,  is  ineffective  and  useless,  and  the  smutted  seed  when  again  sown  will 
produce  a  smutted  crop.  The  smut  is  prevented  by  the  same  hot  water  seed 
treatment  as  that  applied  to  prevent  oat  smut.  In  experiments  conducted  by 
the  Botanist  of  this  Station  this  treatment  was  successful. 

MULBBRRY 

Bacterial  Diseases.  Russian  varieties  of  mulberries  have  new  growths,  es- 
pecially new  sprouts  attacked  by  a  bacterium.  These  deep  dark  lesions  result 
in  cankers  and  all  the  various  phenomena  of  the  plant's  effort  to  heal  a  wound 
in  the  wood.  The  trouble  is  so  difficult  to  handle  that  where  Russian  mul- 
berries are  badly  attacked,  rejections  may  be  necessary. 

Leaf-Spot.  Mulberries  are  at  times  attacked  by  a  leaf-spot  (Cercospora 
maricola  Cke.)  but  this  is  rarely  serious  in  our  district. 

MU8KMBLON 

Anthracnose.  The  common  anthracnose  fungus  of  the  muskmelon  (ColUtc- 
trichutn  Lagenarium  Pass.)  is  the  same  as  that  of  the  cucumber.  It  attacks  tiie 
stems  of  plants  of  all  sizes  as  well  as  the  leaves,  resulting  in  the  lesions  of  the 
stem  and  dead  spots  in  the  leaves.  In  these  the  fungus  produces  the  fruiting 
bodies.  After  the  seedling  stage  is  passed  it  is  usually  possible  to  keep  the 
anthracnose  in  check  by  the  spraying  as  recommended  for  cucumbers. 

The  fruit  anthracnose  of  the  muskmelon  (Colletotrichum  oligochctetum  Cav.)  is 
widely  distributed  and  has  occured  with  us.  It  forms  yellowish,  diseased  spots 
on  the  fruits  and  may  disfigure  them  considerable.  It  is  too  soon  with  us  to 
estimate  possible  losses  from  it.  Thorough  spraying  with  Bordeaux  mixture 
should  hold  it  in  check  if  begun  on  the  young  fruits  and  repeated  once  or  twice  at 
intervals. 

Black-Spot.  In  1906  a  case  of  black-rot  or  spot-rot  of  mjskmelon  fruits  was 
reported  with  specimens.  The  spots  were  depressed  and  accompanied  by  decay. 
No  definite  causal  organism  was  determined,  although  one  or  more  were  present 
in  the  spots.  It  is  believed  that  spraying  will  hold  it  in  check  but  the  case  was 
referred  to  us  to  late  to  test  this. 

Downy  Mildew  of  muskmelon  is  caused  by  the  same  Plasmopara  fungus  as 
the  downy  mildew  of  cucumbers.  As  we  have  the  fungus  in  Ohio  it  does  not 
appear  until  towards  the  middle  of  August,  but  is  then  very  destructive,  sweep- 
ing rapidly  over  the  melon  fields  and  leaving  only  devastation  behind.  In  its 
attacks  the  spots  of  the  muskmelon  leaves  are  somewhat  different  in  shape  and 
usually  of  a  darker  color  than  in  the  case  of  the  cucumber.  One  with 
experience  can  readily  distinguish  by  the  use  of  an  ordinary  hand-glass.  He 
will  then  see  on  the  under  side  of  the  leaf  the  violet  spores   and  spore-bearinir 
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tixreada  of  the  mildew  fungus.  The  melons  which  are  unripened  upon  the  vines 
when  attacked  hy  mildew  are  practically  worthless  and  ^r  this  reason  large 
losses  are  usually  incurred.  The  treatment  is  by  Bordeaux  mixture,  as  for 
cucumbers. 

Muskmelon  Leaf  Blight  is  a  disease  more  or  less  peculiar  to  the  muskmelon, 
although  the  fungus  (Altcmaria  sp.)  which  causes  it  has  also  been  found  upon 
cucumber  leaves.  The  leaf  blight  causes  rather  large  dead  areas  in  the  leaves 
which  are  usually  distinguished 
from  those  of  downy  mildew  by 
their  larger  size  and  the  tendency 
of  the  central  portion  to  break 
out  The  prevention  of  musk- 
melon leaf  blight  is  by  no  means 
an  easy  matter,  requiring  of 
itself  great  thoroughness  and  care- 
fulness in  the  application  of  the 
Bordeaux  mixture  and  also  re- 
quiring that  the  downy  mildew 
shall  be  watched  during  the  same 
period.  For  this  reason  earlier 
sprayings,  if  made  before  Aug- 
ust Ist,  should  be  repeated  at 
fortnightly  intervals,  while  those 
after  August  1st  should  be  at 
weekly  or   ten-day    intervals. 

Melon  growers    have    succeeded  Fir.  58.    Muskmelon  leaf  attacked  by  leaf  bUcbt.    Tba 

byfoUowinir  these  lines,  while  4*^ 'Pota  are  caused  by  a  specie,  of  Altarnaria.  Prom 
Jv  ».  -  '  -         Bulletin  78. 

others  who   were   less  thorough 

were  less  successful,  or  failed  entirely.  The  treatment  Is  recommended  with 
confidence.     (Bulletins  73  and  105). 

Root-Rot.  (RhizDctonia)  The  root  diseases  accompanied  by  rotting  of  the 
rootlets  and  induced  by  the  sterile  fungus  of  lettuce  rosette  is  also  found  on 
greenhouse  muskmelons.  This  is  liable  to  be  the  case  where  these  follow  dis- 
eased crops  of  lettuce.  The  prevention  is  the  same  as  that  for  the  cuctunbers, 
viz.,  thorough  soil  treatment. 

Muskmelon  Wilts  are  the  same  in  general  character  as  those  described  for  the 
cucumber.  Not  only  the  bacterial  wilt  disease  but  the  wilt  due  to  fusarium  has 
developed  upon  muskmelons  in  this  state.  The  symptoms  are  the  same  as  for 
cucumbers,  namely:  sudden  wilting  as  from  lack  of  water,  followed  by  dying. 
The  prevention  treatment  is  the  same  as  before  recommended. 

MUSTARDS 

Black-Rot.  Mustard  plants  of  all  species  are  liable  to  be  attacked  by  black- 
rot  and  if  permitted  to  grow  as  weeds  in  fields  devoted  to  cabbage  growing  and 
will  carry  the  black-rot  trouble  through  the  rotations  in  spite  of  the  grower's 
other  efforts.     Let  no  mustard  weeds  survive  in  such  rotations. 

Club-Root.  Mustard  plants  generally  are  attacked  by  the  club-root  fungus 
{Ptasmodiophora  Brassicae  Wor.)  when  this  is  present  in  the  soil.  For  this 
reason  the  weeds  of  several  species  may  be  infested  upon  lands  that  have  never 
been  brought  under  cultivation.  Due  attention  should  be  given  to  mustard  plants 
in  new  lands  when  designed  for  cabbage. 
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Flfs.  S9-M.  Pleura  59  on  tbe  left  sbows  roots  off  shtlkbeni's  pone.  Figure  CO  oo  tlw 
richt,  roots  of  hedge  mustard*  Both  are  attacked  by  dub-root.  Botk  aftsr  Halated.  Bal« 
Ietin96,  N.J.  Bxi».8ta. 


Downy  Mildew.  The  downy  mildew  fungus  of  crucifers  {Peranospora  ^arv- 
sitica  (Pers.  (De  By)  is  so  universal  on  plants  of  the  mustard  family  that  it  may^ 
he  usually  expected.  The  weedy  species  may  accordingly  keep  up  the  sui^y  of 
the  parasite  which  attacks  cahhage  and  cauliflower  as  well  as  others  of  tbe 
family. 

Wilt*  It  is  very  necessary  that  search  he  made  as  to  the  survival  of  the 
fusarium  of  cahhage  wilt  on  mustard  weeds. 

OAK 

Anthracnose.  The  oak  leaves  are  attacked  hy  the  same  anthracnose  funi^iis 
as  attacks  the  leaves  in  young  shoots  of  sycamore  and  maple,  hut  this  ia  not  so 
prevalent  upon  oaks  in  Ohio  as  upon  the  sycamore. 
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TIMBBR  ROTS 

Wound  or  Umber  Rots  of  oaks  s.re  as  yet  imperfectly  studied   and  call  for 
thorough  inTestigation  before  many  statements  can  be  made  for  us. 


Fiff.  $U    A  wound  parasite  {Pleuroius  ulmarim$)  on  tba  trunk  of  s 
maple  tree.    (After  Freeman,  Minnesota  Plant  Disesses). 

OATS 

Antfancnose  (CoUetotrichum  cereale  Manns.)  is  a  new  disease  of  oats  which 
attacks  the  roots  and  basal  portions  of  the  culms  tog^ether  with  the  lower 
aheaths.  The  attack  may  extend  even  further  than  has  yet  been  determined. 
The  spores  of  this  fungus  were  found  adhering  to  seed  oats  of  the  crop  of  1907 
and  the  outbreak  of  the  disease  was  studied  in  1908.  It  shows  by  the  develop* 
ment  of  the  characteristic  dark  masses  or  acervulae  of  the  anthracnose  fungus 
upon  the  lower  joints  of  the  stem,  portions  of  the  root  and  leaf  sheaths. 
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The  amount  of  loss  resulting  from  it  is  liable  to  be  variable  since  it  acts  by 
general  reduction  of  vigor  and  reduced  fillingr  of  the  grrain  head.  Treatment 
with  formalin  as  for  smut  will  certainly  kill  the  adhering  spores  on  seed  oati. 
(See  bulletin  203). 

Blade  Blight.  A  disease  similar  to  that  earlier  described  as  bacterial  dis* 
_  ease  of  oats  (see  Journal  of  Mycology,  VI;  72)  has  been  very  serious  in  Ohio 
during  the  seasons  of  1907  and  1906.  The  phenomena  are  those  of  yellowing-  and 
dying  of  older  leaves  associated  in  most  cases  with  the  presence  of  an  abundance 
of  leaf  sucking  insects  such  as  aphids,  mites  and  leaf  hoppers.  Recent  culture 
and  colonizing  studies  made  at  the  Station  show  the  disease  to  be  due  to  two 
specific  bacteria  working  together.  (Bacillus  avena  Manns.)  (Pieud(nnonai 
avcfug  Manns).  These  have  been  isolated  and  described.  These  bacteria  are 
carried  or  transmitted  by  the  insects  or  are  scattered  by  natural  agencies. 
In  control  work  in  cages  the  organisms  caused  infection  through  the  punctures  o( 
the  aphids  (green  flies).  Evidently  the  control  of  this  disease  will  involvt 
thorough  seed  treatment  together  witii  possible  field  checking  of  the  insects  dis- 
tributed.    (See  bulletin  210). 

Rust.  In  addition  to  the  two  species  of  rust  found  upon  wheat  and  to  be 
given  under  that  grain,  there  is  a  rust  common  upon  oats  {Puccinia  coranata 
Corda.),  usually  prevalent  during  the  rainy  harvest  weather  and  more  or  less  at 
all  times.    No  remedy  is  as  yet  at  hand. 

The  Scab  Fungus  of  the  oats  {Fusarium 
roseum  Lk.)  is  the  same  species  as  for  wheat 
and  attacks  the  panicles  near  filling  time. 
It  results  in  empty  hulls  with  the  pink  f  un« 
gus.  The  disease  also  survives  apparently 
as  an  internal  infection  of  oat  kernels  and  is 
capable  of  destroying  young  seedlings  after 
the  manner  described  for  wheat.  (See  dis- 
eases transmitted  in  the  seed  and  also 
wheat).  Like  that  disease  in  wheat,  it  must 
be  controlled,  if  at  all,  by  a  combination  of 
seed  treatment  for  adhering  spores  and  thor- 
ough seed  recleaning  to  exclude  all  light 
kernels. 

Smut.  The  smut  of  oats  takes  on  two 
forms,  the  loose  smut  ( Ustilago  Avetuu  Jens. ) 
and  the  hidden  smut  ( Ustilago  Avenae  laevis 
(Jens.)  Kell.  A  Swing).  The  first,  which  is 
the  more  common,  converts  the  entire  head, 
including  glumes,  into  a  sooty  mass  of  smut 
spores  (Fig.  62);  while  in  the  hidden  smut  the 
enclosing  glumes  remain  about  the  smutted 
grain.  No  other  essential  difference  has 
been  found  between  them.  Both  are  caused 
by  spores  from  smutted  seed,  or  seed  from 
smutted  grain,  and  both  are  successfully 
prevented  by  seed  treatment  with  hot  water 
or  formalin  as  per  scheme  given  elsew  here. 
(See  calendar  and  also  Bulletins  64  and  97). 
An  increase  of  yield  beyond  smut  prevention 
has  usually  followed  seed  treatment.  This 
alone  pays  for  the  cost  of  treatment  and  the 
•mifing  from  smut  loss  is  clear  nrofit. 


PUr.68.  Head  orpanicto  of  oats dettvQPBd 
br  looae  smut.  All  tb«  oats  hernete  and 
many  of  their  aurrouiidlnff  pafla  havt 
been  converted  into  black,  aoot  (rawtty) 
«■■■<■  by  the  looee  smut  fcaffut  UttiUgt. 
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AnthnicDoae.  The  same  anthracnoae  fungus  {ColUtotrichum  cereaU  Mamift.) 
before  described  as  attaoking-  blue-g^ass,  chess,  oats,  wheat,  rye,  etc,  also 
oocors  upon  oat-grass.  It  is  less  liable  to  cause  serious  injury  here  than  on  the 
cereal  grains. 

Smut.  There  has  been  at  the  Station  a  smut  on  tall  oat-grass  (Arrhena- 
tkerum  eloHus  L.)  which  closely  resembles  Igose  smut  of  oats  but  is,  in  fact,  a 
separate  species  of  smut  whose  mycelium  survives  in  the  rootstocks^of  the  oat- 
grass  (Usiilago  perennans  Rostrup.).  The  smut  is  thus  continued  in  the  same 
plants  from  year  to  year.  It  is  not  clear  whether  the  smut  would  be  transmitted 
in  new  seed,  but  there  is  some  danger,  at  least. 

ONION 

Bscterisl  Disease.    See  heart-rot  below. 

Blight.  Leaf  blight  or  scald  of  onions  during  mid-season,  when  the  weather 
is  warm  and  dry,  is  rather  a  common  occurrence.  This  was  especially  notic- 
able  during  1898  and  1899.  While  often  attributable  to  insects,  species  of  fungi, 
ei  ecially  molds  {Macrosporium  Sarcinula  parasiticum  (B.)  Thum — M,  Porri 
£iL>  were  abundant  in  the  seasons  named.  It  may  be  possible  to  check  these 
molds  by  spraying. 

Pusarium  Blight.  This  is  often  serious  on  young  onions  in  old  soil  and  is  the 
forerunner  of  heavy  losses  from  soft  rot  in  storage. 

Downy  Mildew  {Peronospora  Schlei- 
denianc  D'By.)  is  likely  to  occur  upon 
onions,  although  it  has  not  been  seen 
in  Ohio  .-^y  the  writer.  The  treatment 
would  be  4is  for  downy  mildew  of  other 
plants. 

Diy  or  Black  Neck-Rot  is  the  most 
serious  disease  of  white  onions  in 
Ohio  since  the  losses  are  so  very 
large  from  it,  particularly  in  Hardin 
County.  The  white  onions  are  grown 
for  somewhat  special  markets  and  it 
is  the  custom,  at  present,  to  gather 
early  before  the  tops  fall  over,  to  top 
at  once,  and  put  up  in  crates  in  order, 
to  preserve  the  white  color  of  the  onion. 
As  a  rule  this  is  not  practiced  with 
black,  red  and  yellow    sorts,  so  that 

♦*.:-  —.^1.  ^-.  ^-«  ,«4.  :-  ««.4.  «./% /«rv«««.««^«  Fif.  63.   A  white  onion  that  has  been  destroys 

this  neck  or  dry-rot  is.  not  so  common  ^  ^^  ^  weckneck  or  dry-rot  funcu..  ScUroimm 
with  them.  Preliminary  investigations  cepfvorum  Berk.  This  parasite  haa  entered  the 
have  been  made  of  this  trouble  and  it  onion  through  the  green  neck  which  waa  cut  off 
appears  to  be  clearly  different  from  »t  the  time  of  harveitit«  the  crop.  (Prom  a 
the  smudge  fungus  which  also  Ph<»tofraph  by  T.  P.  »«ann.). 
disfigures  the  exterior  of  white  onions.  The  fungus  of  dry-rot  or  black-neck 
{ScIeroUum  cepivorum  Berk.)  requires  further  investigation.  (See  Sorauer 
Pflanzenkrankheiten  third  edition,  II  302-3).  In  Ohio  onion  districts  the  losses 
are  very  serious  between  the  gathering  of  the  white  onions  and  time  for  winter 
storage  while  the  crates  are  piled  in  buildings  or  in  covered  ricks  in  fields. 
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It  appears  at  this  time  that  the  early  toppin^r  of  the  white  onions,  leaTing^  a 
green  neck*  offers  an  inviting  way  for  the  disease  to  enter;  that  the  invasion  is 
in  ttiis  direction  appears  from  the  sclerotia  of  the  fungus  which  forms  in  tliis 
region.  (See  illustrations).  The  disease  appears  to  grow  worse  with  continu- 
ous cropping  of  onions  and  the  losses  have  recently  heen  so  large  in  storage  at 
to  render  storage  of  white  onions  unprofitable.  It  has  been  suggested  by  this  de- 
partment that  the  white  onions  should  be  gathered  and  ricked  in  crates  at  once^ 
either  in  buildings  or  covered  with  tent  or  temporary  enclosure  of  building  paper 
and  disinfected  or  treated  with  formaldehyde  gas  as  per  the  spray  calendar. 
(See  formula  elsewhere).  The  enclosure  should  not  be  opened  for  24  to  48  hours 
after  treatment.  In  this  manner  it  is  hoped  to  keep  down  the  infection  of  the 
white  onions  as  well  as  of  any  others  from  similar  troubles. 

Hesrt-Rot.  (Bacterial).  This  disease  has  been  under  investigation  and 
appears  to  come  in  all  varieties  of  onions,  following  the  topping,  by  its  rapid 
invasion  of  the  center  of  the  bulb  through  bacterial  infection.  It  should  be  coo- 
trolled  by  attention  to  disinfection  of  the  topping  machine  or  to  similar  treat" 

ment  to  that  recom- 
mended f<»:  dry-rot 
This  disease  ends  in 
the  complete  destruc- 
tion of  the  bulbs 
through  a  soft  rot  dif- 
erent  from  that  de- 
scribed under  soft- 
rot. 

Smudge.  This  fun- 
gus (  Vermicularia 
circinans  Berk.)  de- 
velops as  a  superficial 
spotting  upon  the  ex* 
terior,  especially  at- 
tacking the  white 
varieties;  it  is  really 
an  anthracnose  of 
onions.  For  some 
time,  because  of  its 
coincident  develop- 
ment with  the  black 
Piff.  64.  Onion  spotted  by  the  emadge  funffut.  Tbis  fangtts  be*  neck  or  dry»rot,  these 
cocnes  very  bad  in  land  where  succeaeive  crops  of  onions  are  erown.  twO  troubles  have 
Tbe  fuoffos  is  alao  a  factor  in  causing  dry-rot  of  onions  and  set  onions.  been     COnfused.      It 

is  now  apparently 
clear  that  there  is  no  connection  between  the  two,  although  this  fungus  causes 
dry  rotting  of  sets  and  bulbs.  The  smudge  fungus  is  cumulatively  worae 
on  old  land  where  onions  are  grown  consecutively.  Apparently  also  in  additioa' 
to  rotation  of  crops  the  formalin  drip  treatment  described  under  smut  givei 
good  results  in  keeping  down  this  fungus.  In  field  experiments  made  hereto- 
fore, the  onions  have  been  lost  in  storage  from  the  dry-rot  and  the  smndgt 
disease  has  not  been  studied  very  fully  in  storage;  apart  from  this  it  is  believei 
to  have  little  or  no  connection  with  the  commoner  storage  rots,  although  thedit" 
figuring  effects  of  badly  spotted  onions  reduce  their  market  value,  and  rotting 
does  take  place  as  a  result  of  it.  The  illustrations  give  characterictio  appeX^ 
ances  of  these  compared  with  healthy  onions. 
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Onion  Snmty  on  the  other  hand*  is  prevalent  to  a  considerable  extent  in  Ohio, 
and  is  one  of  the  most  destructive  of  the  smut  fungi  known  to  pathologrista. 
This  onion  samt  {Urocystis  Cepulae  Frost)  unlike  the  other  smuts  with  which  ws 
have  to  do^  propag^ates  itself  almost  indefinitely  in  the  soil  when  this  once  becomes 
mfested.    Whenever  a  new  crop  of  onions  is  grown  from  seed  in  this  infested  soil 
the  smut  attacks  the  young  seedling  onions,  in  whole  or  in  part,  and  a  very  con* 
siderable  loss  results  therefrom.    If,  however,  onions  sets  are  put  in  such  soil, 
or  seedling  onions  that  have  been  started  under  glass  in  healthy  soil  are  trans* 
planted  to  smut  infected 
s(^,    the   smut   fungus 
cannot  attack  them*  The 
explanation  seems  to  be 
that  the  smut  threads 
areonly  able  to  penetrate 
the  leaves  of  the  young, 
tender  seedlings.     This 
onion  smut  is  now  known 
tooccur  in  fields  at  Berea 
Perry,     Madison      and 
nearChillioothe.    At  the 
latter  place  it  has  seri- 
ously embarrassed  some 
of  the  growers  of  onions 
lor  sets;  for  this  work 
transplanting  is,   of 
coarse,  out  of  the  ques- 
tiofl.  In  Connecticut  Ex- 
periment Stadon  Report 
for  1889,  it  is  stated  that 
flowers  of  sulfur  have 
been  used  to   sow  with 
^     seed   in    infested 
•uU,   and  this   remedy 
has  given  but  slightly 
inferior  results  to  any 
other  yet  tried  at  this 
Station.    Forty  percent 
formalhyde,  known  com* 
mercially  also  as  forma- 
lin, has  given  better  re- 
sults than  sulfur  in  1900. 

At  Berea,  ChiUicothe 
and  latterly  at  Madison, 

experiments  have  been  conducted  to  determine  a  practicable  field  method  for 
•mot  prevention.  The  best  method  has  proved  to  be  that  of  formaldehyde  drip 
with  seeder.  (See  bulletin  131).  The  formaldehyde  solution  is  made  at  the 
rateof  one  poond  of  40^  temalddiyde  to  25  to  33  gallons  of  water.  This  is 
applied  with  drip  attachment  on  seed  drill  at  rate  of  125  to  ISO  gallons  per  acre  lor 
field  onions.  The  same  results  can  be  6btained  in  open  furrows  by  applyinif 
•olution  with  sprinkler  after  seeds  are  scattered  until  well  moist^ied.  This 
formalin  treatment  insures  the  disinfection  of  a  layer  of  soil  near  the  seed  and 
permits  the  germination  and  the  early  growth,  of  the  seedling  onion,  past  inf  ec- 
tkn  stage,  before  the  smut  fungus  can  again  occupy  this  soil.  Thegains  from  this 
both  in  the  onion  set  work  and  in  field  onions  are  very  large. 


PIff.  tf.   Sooad  «ad  smutted  onions,  tsthered  in 
TlM  beslthFooiooswsrs  grown  OS  badlrdlMssed  soil  bFtbe  OSS  of 
FormsUn  Drip  tiostment.'-*f)rom  s  photosrspli  br  T.  F. 
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ingrtol(X)%  to  200%  increase.  This  method  has  recently  been  applied  sucoeaa- 
fully  in  the  Connecticut  Valley  by  a  representative  of  the  United  States  Deoart- 
ment  of  Agriculture. 

Soft-Rot  and  Storage  Rots.  The  Assistant  Botanist  has  recently  studied  a  aoft- 
rot  {Fusariutn  sp.)  of  onions  which  shows  in  field,  but  more  seriously  in  subse- 
quent storage.  This  soft-rot  is  produced  by  the  fungus  Fusarium,  yet  under  study. 
It  not  only  causes  an  early  blight  but  also  invades  the  onion  bulbs  quite  rapidly 
after  storagre  infection.  The  problems  of  control  are  essentially  those  of 
storage  rots  including  dry-rot. 

In  onion  storage  it  seems  to  the  writer  probable  that  disinfection  of  the 
onions  after  placing  in  storage  buildings  either  by  sections  or  otherwise:  using- 
the  formaldehyde  gas  treatment  will  give  excellent  and  safe  results.  This 
needs  yet  to  be  worked  out. 

ORANQB 

In  grreenhouses  oranges  are  frequently  grown  and  complaints  come  to  us  as 
to  the  troubles  upon  them.  The  chief  of  these  troubles  is  a  black  mold  {Capnod^ 
turn  citri  Berk.  &  Desm.)  on  the  foliage  and  at  times  upon  the  fruit.  Spraying- 
with  fungicides  has  usually  brought  satisfactory  results  and  develops  no 
special  injury  to  orange  foliage. 

Fruit  Rots.  Orange  rots  in  stored  fruits  are  often  brought  to  our  attention, 
but  do  not  properly  belong  to  our  state  work.  They  are  the  result  of  mold 
attacks  following  bruising.  The  blue  mold  fungus  (PenictUium  glaucum  Link.) 
and  the  green  mold  fungiis  (Penicillium  digitaium  (Fr.)  Sacc)  are  both  coomion. 
These  are  described  in  other  publications.  (See  Bui.  8,  Bureau  of  Vegetable 
Pathology,  United  States  Department  of  Agriculture,  also  Bui.  184;  Calif. 
£xp.  Sta.). 

PRCHARD.ORA8S 

Anthracnose.  Orchard-grass  Is  attacked  by  the  same  anthracnose  {.CoIUUh 
trichum  cereale  Manns.)  as  attacks  wheat,  rye,  oats,  blue-grass  and  timothy. 
The  development  is  shown  in  a  similar  way  by  the  black  masses  of  the  fungus 
upon  the  basal  portions  of  the  culms  and  sheaths. 

PALM 

Leaf  Diseases.  Frequent  complaint  is  made  of  palm  leaf  diseases  in  conser- 
vatories; the  department  has  been  able  to  study  these  but  little  and  finds  more 
often  that  they  are  the  result  of  over-watering.  Several  diseases  have  been  re- 
ported on  palm  leaves.  Among  these  we  have  an  anthracnose  fungus  {GloeoS' 
poriutn  Allescheri  Bres.)  of  Kentia.  Dr.  Trelease  has  reported  upon  another 
fungus  on  Phoenix  {Exosporiutn  palmivorum  Sacc.).  This  also  attacks  the 
leaves  causing  ultimate  death.  Another  leaf  disease  is  described  from  Europe 
upon  Chamaerops  (Graphiola  Phoenicis  (Mong.)  Poit.).  It  is  caused  by  a  fungus 
which  is  not  infrequent  on  the  date  palm.  Sprays  such  as  Bordeaux  or  Lysol  are 
recommended  for  these  palm  leaf  diesases. 

PEA 

Anthracnose.  The  anthracnose  or  pod-spot  of  the  pea  (Ascochyta  Pisi  Lib.) 
often  develops  into  a  serious  blight  of  field  peas  grown  for  canneries.  This  was 
studied  by  the  department  and  it  was  found  that  the  anthracnose  fungus  infects 
the  seed  peas  so  that  these  when  planted  give  diseased  seedlings  and  the 
consequent  loss  of  crop.  (See  Bui.  173).  The  illustrations  will  show  how  the 
fungus   spots  the  pods   and  thus  has   an  opporttmity  to  enter  the  developing 
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teed  peas.    It  was  shown  bj  mpmyiog 
experiments  with  Bordeaux  miztore  that     • 
healthy  seed  peas  may  be  grrowiL      The 
growth  of  healthy  peas  for  seedioflr  ^^^ 
poses  of  the  problem  of  anthracnose. 

Lesf-Spot.  Other  leaf-spots  besides 
those  of  the  anthracnose  are  sometimes 
fouid  upon  the  pea  and  are  apparently 
caused  by  another  fungous  {Septoria  Pisi 
West)  These,  if  givingr  trouble,  will  be 
controlled  by  the  spraying  for  anthracnose. 

Powdeiy  Mildew  (Erysiphe  communis 
Wallr.)  The  mildew  fungus  often  attacks 
the  pea  and  at  times  entirely  destroys  its 
fniitfulness.  It  may  be  known  by  the 
whitish  coatin^r  produced  upon  the  leaves 
and  by  the  dark,  pin-head  spots  of  the 
fnogus  observed  to  be  situated  in  these 
white  coverings.  The  same  fungus  like- 
wise attacks  the  bean.  For  either  plant 
sprajring  with  Bordeaux  mixture,  as  per 
directions  in  calendar,  will  be  found 
beneficiaL  The  first  applications  should 
be  made  promptly. 

Wilt.  A  wilt  of  pea,  apparently  allied 
to  that  of  cow  pea  ond  other  forage  crops 

of  the  south  has  been  referred  to  a  species  pj,.  ^.   p^,  ^  p„„^^  j„„,  ^^^  ^ 

of  fungus  Neocosmospora  (Fusarium),  As      spotted  by  anUncnoM.     After  Van   Hook, 
yet  it  has  not  been  especially  studied  in      Bolietiii  its. 
Ohio. 


Fir.  67.  Leaves  of  pes 
showing  spots  caused  by 
anthracnoae  f  unfus-sUff  ht- 
ly  magnified.  After  Van 
Hook.    BuUetinlTS. 
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PBACH 

Anthracnoae.  An  anthracnose  fungus  (Gloeosporium  laeHcolor  Berk.)  has 
been  described  upon  the  fruit  of  peach  and  has  been  found  in  Ohio,  though 
rarely.  Careful  spray  treatment  as  for  scab  should  be  successful  against  this 
disease. 

Crown  Oall.  This  is 
a  very  contagious 
disease  of  the  peach 
and  of  other  plants, 
notably  daisy,  rasp- 
berry, and  blackberry, 
due  to  a  bacterium 
{PacUrium  tutnefaciens) 
Sometimes  it  produces 
excrescences  and  en- 
largements upon  the 
root  and  branches  of  the 
affected  plant.  More 
commonly  the  galls  are 
found  upon  the  stems 
just  below^  the  surface 
of  the  earth.  These  vary 
in  size  and  in  location, 
even  occurring  upon  the 
small  roots,  and  less 
frequently  upon  the  stem 
at  some  distance  above 
the  ground.  In  some 
recent  experiments  (Bul- 
letin 104)  it  was  found 
that  the  gall  trouble 
became  commimicated 
from  diseased  rasp- 
berries to  peach  trees 
set  in  the  plantation. 
In   some  instances    the         ^^•^   Root  of  nur.enrpe«:h  tree  «tt«A«ll>jr  crown  Urtl. 

loss  from   crown    gall 

has  been  large  and  there  is,  in  my  judgement,  no  other 
disease  common  to  several  of  our  fruit  trees  that  is  so 
threatening  in  its  ravages.  The  peach  trees  attacked  in 
most  cases  perish  without  producing  fruit.  This  applies 
when  the  trees  are  affected  at  nuraery  age — the  uausd 
condition.  Purchasera  cannot  afford  to  aet  auch  dis- 
I  eased  trees  nor  nurserymen  to  ship  them.  As  yet  the 
'  only  treatment  that  we  can  recommend  is  to  dig  out  and 
bum  the  diseased  trees,  and  to  avoid   planting  affected 

I  stock.     Indeed   no  affected   stock  should  be    received. 

This,  with  other  diseases,  has  been  treated  in  Bulletins 
92  and  104. 
Frosty  Mildew.  Occassionally  the  frosty  mildew  fun- 
gus (C4rr^^5/{7r(^//a /^rsf^  S  ace.)  occurs,  whitening*  over 
^^iJi'J^^jH^^'  the  under  surface  of  the  leaves.  As  yet  it  has  not  been 
a  serious  disease. 
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Onm-Flow.  The  gum-flow  diseases  of  the  peach  are  frequent  but  ha?e,  ms 
yttf  been  imperfectly  studied  in  our  state.  We  have  no  distinct  gummosis,  al* 
tboogfa  in  some  varieties  of  peaches  it  would  seem  this  is  a  weakness  or  a  form 
of  injury  due  to  climate  followed  by  gum  ezudaticms.  Bark  borer  injuries  pro- 
duce a  well-marked  gum-flow. 

Jtme  Drop  is  often  named  by  peach  growers  as  a  specific  trouble.  It  consists 
in  the  dropping  of  the  young  peaches  during  the  month  of  Jtme,  though  drop- 
ping sometimes  comes  earlier.  The  cause  seems  to  be  physiological  and  need 
not  be  feared  where  the  trees  have  been  prevented  from  overbearing,  or  protected 
from  the  effects  of  drought  by  thorough  cultivation  the  previous  season. 


PSc.  70.    Leaves  of  peach  attacked  by  leef-curl.    The  attack  of  the  faoffue  cauees  rapid  cell  nnl. 
ttjHcetton  and  reeolts  In  the  distorted  shapee.    Prom  a  pbotocraph. 
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Pi£.  71.    Blsven-year^ld  Elberta  peach  tiee,  unaprmyed«  defoliated  by  iMf -coil    No  fruit.     Praco 
0oUetinl4t. 
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We  have  found  in  Ohio  that  serious  leaf-curl  oomes  when  cool  weather,  with 
frequent  rains,  prevails  during-  April,  May  and  June.  It  is  to  the  April  weadier 
that  the  most  serious  trouble  seems  attributable.  With  low  temperatures  and 
frequent  rains  during  the  early  half  of  this  month  we  may  safely  predict  an 
outbreak  of  leaf-curl  (Bulletin  92).  During  such  weather  the  fungus  develops 
rapidly  and  the  new  leaves  are  affected  as  they  are  protruded  from  the  bud.  In 
a  modified  sense  the  same  takes  place  during  May  and  in  a  still  more  limited 
sense  during  June.  Successful  prevention  of  leaf-curl  is  secured  by  thoroogli 
early  treatment  with  Bordeax  mixture.  Indeed,  it  appears  that  a  spraying  at 
any  time  shortly  before  the  blossoms  open  is  several  times  more  effective  than 
any  application  afterwards.  It  appears  that  more  effective  results  are  secured 
by  spraying  two  weeks  before  blossoming  than  immediately  before  the  blossoms 
open.  In  any  event  an  application  made  just  before  the  blossoms  open  is  more 
effective  than  at  any  later  date*  Lime-sulfur  applications  for  scale  insects  are 
effective  to  prevent  leaf-curl.  Whale-oil  soap  has  also  proved  effective  applied 
at  this  time,  though  not  safe  at  much  earlier  dates.  It  is  more  expensive  tiiaa 
Bordeaux  mixture.    (See  Bulletins  104  and  148). 

Leaf-Spot  of  the  peach  may  be  due  to  a  variety  of  causes  and  in  no  cases 
studied  have  they  proved  destructive.  One  fungus  {Cercosperella  persioe  Sacc.) 
is  often  mentioned.  These  leaf -spot  are  illustrated  and  very  briefly  discussed  in 
Bulletin  92. 

Pustular  Spot  of  the  peach  is  a  disease  referable  to  a  minute  fungus  {Helmif^ 
thosporium  carpophilum  Lev.)  which  is  apparently  spread  by  spores  that  alight 
upon  the  upper  surface  of  the  fruit,  flourish  there  and  produce  minute,  11^- 
brown  spots,  often  surrounded  by  an  angry  red  border.  The  red  border  is  con- 
spicuous in  earlier  varieties  and  is  sometimes  elevated  and  pustular  in  appear- 
ance. This  fungus  greatly  disfigures  the  fruit  and  is  very  easily  prevented. 
Three  applications  of  Bordeaux  mixture  have  reduced  the  amoiint  of  pustular 
spot  to  less  than  one  percent;  whereas  unsprayed  trees  gave  more  than  sixteen 
percent  of  spotted  fruit,  much  of  which  was  seriously  damaged.    (Bulletin  92). 

Ppwdery  Mildew  (Sphaerotheca  pannosa  (Wallr.)  Lev.)  sometimes  attacks 
peach  in  our  state,  but  rarely  with  serious  results.  The  attacked  leaves  some- 
times turn  white  and  are  sometimes  distorted.  Spraying  with  potassium  sulfid 
or  self-boiled  lime-sulfur  would  be  successful.. 

Rot  or  Brown-Rot.  The  brown-rot  fungus  {Sclerotinia  (Monilia)  fructigena 
(Pers.)  Schroet)isamongthe  most  destructive  of  the  fungi  on  the  peach,  yieldingplace 
only  at  times  to  leaf -curl.  Unlike  leaf- 
curl  the  brown-rot  prevails  during 
warm,  showery  weather,  and  with  such  a 
weather  period  is  likely  to  occur  at  any 
time  of  the  year.  In  April,  if  the  mummy 
peaches  are  permitted  to  remain  on  the 
trees  from  the  preceding  year,  the  fungxis 
may  affect  the  twigs  through  the  blos- 
soms and  thuscauseserioustwigblight. 
It  is  a  matter  of  common  remark  that  the 
branches  upon  which  rotted  peaches  are 
found  often  perish  from  the  effects  of  the 
rot  fungus.  The  survival  of  the  fungus  in 
these  "mummy"  fruits  and  the  produc- 
tion of  ascospores  from  them  are  well 
proven.  No  one  variety  seems  more  sus- 
ceptible to  rot  than  others,  although  some  PUr.  rs.    Rotted  and  drtod  or  m»mmy  paarhM 

•^w-a  o..^    ^^^^  i:oKi^4>^  ..:«^«  ^.,-' oolUcted  on  trees  in  epriaff.    Time  tsMmacm 

•orto  are  more  liable  to  ripen  during      wui  produce  growth  of  tbe  tot  funtue  with 
rainy  weather  and  then  rot  worse.    The      •iwwenr,  werm  weatber.   Ther  •» 
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•ontrol  of  rot  demands:  First,  careful  removal  and  destruction  of  all  mommy 
rotted  peaches  in  which  the  fungus  survives;  Second,  thorough  spraying  of 
the  trees  before  blossoming,  as  for  leal-curl;  Third,  subsequent  spray  treatment 
with  self-boiled  lime-sulfur  as  per  calendar,  may  be  profitable  imder  certain 
conditions. 

Root-Rot.  In  some  instances,  notably  at  Gypsum,  Ohio,  where  peach  trees 
were  planted  in  a  dense,  clay  soil,  the  roots  often  decay,  apparently  from  the 
attacks  <rf  some  fungus.  Trees  thus  attacked  usually  perish  soon.  Whether 
the  trouble  is  primarily  due  to  the  fungus  or  to  the  location  in  which  the  trees 
are  grown  has  not  been  determined. 


Flff.  74.    Piaclwi  at  the  Salway  Tariety  with  one  side  blackened  and  craehed  from  eeab.     This  loes 
la  prevanted  by  proper  sprsyine.—From  Bulletin  148. 

Another  root-rot  has  been  further  studied  and  foimd  to  be  prevalent  where 
orchards  are  set  in  newly  cleared  land,  if  following  growths  of  oaks.  The 
iMtack  upon  the  roots  show  the  rhizomorphs  of  the  root-rot  fungus  as  in  apple 
r^ot-rot  which  has  later  been  more  often  noted  in  the  west. 

Rnst.  A  mst  fungus  occurs  upon  the  peach  but  not  to  a  serious  extent 
in  Ohio. 

Scab  Of  Black-Spot.  This  fungous  (Cladosporium  carpophilum  Thum.)  is  a 
aeiious  drawback  in  the  growth  of  certain  varieties  which  seem  susceptible. 
Th.ese  are  Morris,  White,  Sal  way  and  some  other  late  sorts.  It  causes  dark 
specs  upon  the  fruit  followed  by  cracking  and  entrance  of  the  rot  fungus  with 
serious  results.  To  control  this  disease,  spraying  results  reported  in  bulletins 
104  and  148  obtained  by  the  use  of  dilute  Bordeaux  mixture  were  very  satisfactory, 
but  secured  with  some  injury  to  peach  foliage.  In  1908-9  studies  were  made  in 
an  «^chard  near  Brownhelm  where  self-boiled  lime-sulfur  was  tested  in  compar- 
iaotiwith  dilute  Bordeaux  mixture.  The  results  are  very  promising  and  indicate 
that  self-boiled  lime-sulfur  is  the  remedy  to  be  applied  at  intervals  of  two  to 
thi  ce  weeks  after  foliage  appears. 

Stem  Blight.  A  stem  blight  of  the  peach  was  studied  several  years  ago  by 
tba  writer.  (See  bulletin  92).  It  is  due  to  a  specific  fungus  which  in  this 
lor^ance  attacked  the  stems  of  nursery  stock  causing  a  constriction,  and  this  is 
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in  line  with  the  effects  of  the  fungus  described  from  Europe  as  a  constrictioa 
or  lacing  disease.  While  in  the  case  studied  there  was  loss  of  nursery  stock, 
due  possibly  to  some  injury  to  which  it  was  exposed,  there  has  been  little  recent 
trouble.    Infection  may  surely  be  prevented  by  treatment  with  fungicides. 


^. 


& 


Piff.  75.  Stems  of  nuneiy  peach  trees  attacked  by  Constrictioa  fungna. 
(Pkoma  ptrttcM  Sacc.).  The  trouble  causes  dyin£  out  of  the  diseased  parts  of 
the  stew  which  are  shrunken  where  attacked.  The  detail  structurs  of  spores 
and  pycnidia  are  ahown  magnified  about  500  diameters.— Prom  Bulletin  93. 

Winter  Injury.  In  our  climate  the  severe  freezing  of  winter  often  injures  the 
trunk  and  branches  of  peach  trees.  The  common  killing  back  of  new  growth 
by  freezing  is  a  familiar  phenomenon.  The  common  killing  of  the  trunk  on  one 
side,  usually  the  west  or  southwest,  is  also  known.  Many  instances  have  been 
studied.  Wherever  there  has  been  late  growth  of  the  trees,  followed  by  severe 
winter  cold,  such  injury  may  be  expected.  Late  cultivation  is  therefore  to  be 
avoided.  Winter  injury  to  fruit  trees  may  be  attributed  to  the  drying  out  of 
the  trees  and  it  is  worth  while  to  consider  whether  by  mulching,  or  soil  condi- 
tions, the  tree  may  not  be  made  to  have  an  abundant  supply  of  available 
moisture,  when  the  upper  soil  is  frozen  hard.  Much  injury  to  peach  trees  from 
freezing  occurred  during  February,  1899,  and  in  the  fall  and  winter  of  1906-7. 
In  the  larger  portion  of  these  earlier  cases  there  was  more  water  in  the  soil,  or 
about  the  trees,  than  in  the  less  injured  localities.  More  exposed  situations  also 
gave  more  injured  trees.  In  1906-7  the  freezing  was  sudden  upon  unripened 
wood.     (SeeBuUetinl92.) 
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FIc*  T6.    Peach  tree,  two  yean  old.  Carpenter.  Obio— one  of  those  remainine  alive  though  injured 
by  ffccxins  of  1906-7.    Dead  branches  and  ridge  on  trunk  mark  dead  portion*    Prom  Bulletin  192. 


Tdlows.  Peach  yellows  is  a  serious,  contagious  disease  of  this  fruit  in  most 
portions  of  Ohio.  Only  in  certain  seasons  may  we  find  yellowish  color  as  a 
marked  symptom  of  affected  trees.  The  true  symptoms  of  yellows  are:  1.  Pre- 
mature ripening  of  the  fruit  which  is  highly  colored,  often  purplish  spotted,  and 
has  the  flesh  mar  hied  with  red.  2.  The  premature  growth  of  winter  huds, 
resulting  in  excessive  branching  on  new  shoots,  and  the  development  of  slender, 
wiry  branched  twigs.  3.  Resting  buds  or  adventitious  buds  are  formed  on  the 
trunk  and  branches;  these  grow  into  sickly  shoots  with  pale,  narrowed  leaves, 
and  usually  become  much  branched,  with  tips  like  veritable  brooms.  Aside 
from  these  specific  evidences  of  yellows  which  serve  to  distinguish  yellow  color 
from  true  yellows  disease,  there  are  others  less  easily  described  but  none  the 
less  useful  to  the  practical  observer.     This  disease  may  be  recognized  late  in  the 
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season  by  the  late,  adTentitious  growth.  The  sources  of  disease  are  diaeasad 
trees  or  affected  nursery  stock,  more  often  the  former.  The  remedy  is  to  remote 
and  to  bum  the  yellows  trees,  root  and  branch,  on  the  spot  where  found*  I>rag«- 
ging  diseased  branches  may  spread  yellows  and  all  such  trees  are  a  rnenaoe. 
To  leave  an  open  hole  over  winter  and  replant  the  next  year  is  a  safo  practiceb 
(See  Bulletins  72  and  92  lor  fuller  discussion). 


Fir*  77*    PMeh  YeUowi,  winter  buds  of  dinMed  tne 
in  antomn.    CAfter  Smith.  Pannen'  BuL  17,  U.  8.  Dept.  AcrieJ 

Recent  investigations  of  this  disease  show  that  it  is  due  to  an  enzyme  which 
converts  the  leaf  chloryphyll  into  a  diseased  form,  causing  yellows  conditiona. 
It  is  doubtless  this  enzyme  wjtiich  is  transmitted,  as  in  the  case  of  tobaoco,  by 
actual  contact  These  discoveries  have  changed  in  no  way  our  method  of  hand* 
ling  the  disease.    (See  enzymatic  diseases  in  introduction). 

Rosette  of  peach  is  a  disease  of  the  southern  states  which  appears  to  be 
similar  in  cause  and  transmission  to  peach  yellows. 
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PBAR 

AndmcDCMe.  An  anlhracnoAe  fungus  (CoUetoMchum  sp.)  occurs  upon  th« 
fruit  of  the  pear  in  the  east,  but  has  not  been  seen  in  Ohio. 

Black-Rot  (Sphaerop^is  malorum  Pk.)  of  the  pear  is  the  name  applied  to  the 
rot  like  that  of  the  quince  and  apple  and  due  to  the  same  organism.  While  it  is 
less  frequent  as  a  source  of  fruit  rot  upon  the  pear,  it  is  present  both  in  this 
form  and  in  the  form  of  branch  attacks  or  cankers. 

Pesr  Blight  or  Fire  Blight  is  one  of  the  most  serious  drawbacks  to  pear 
growing.    The  symptoms  of  dead  twigs  and  branches  are  well  known.    In  sub- 
stance our  knowledge  of  pear  blight  is  about  this: — It  is  due  to  a  bacterium 
{Bacillus  amylovorus  (Burr.)  which,  in  the  old  cases  of  blight,  winters  over  in 
the  blighted  parts.    With  April  and  May  showers  there  is  some  exudation  of 
watery  substance  from  these  parts,  containing  the  zoogloa  masses  of  the  bac- 
terium; when  visited  by  insects  these  are  by  them  transmitted  to  the  opening 
blossoms.     The  microbe  there  breeds  in  the  nectar  of  the  blossom   and  in  that 
manner  attacks  the  branches;  once  within  the  tissues  the  microbe  may  spread 
indefinitely.    Some  varieties  of  pears  are  more  susceptible,    apparently,   than 
others,  which  simply  means  that  in  them  the  microbes  spread  more  rapidly. 
There  is  not  a  single  variety  of  blight-free  pear  in  our  region.     The  remedy  con- 
sists in  cutting-  off  and   burning-  the  blighted  parts 
each  autumn,   extending  the  work  to  the  crab-apple, 
apple  and  indeed  to  every  variety  of  pome  fruit  which  . 
is  attacked  by  this  bacterium.     In  recent  years   Mr. 
Wm.  Miller,  of  Ottawa  County,    has  reported  better 
results  in  blight  control  since  he  practices  tnorough 
spraying  of  the  trees  in  early  spring  with  lime-sulfur. 
(Bulletin  79.      Year-book  U.  S.  Dept  of  Agric,  1895). 

Crown  GslL    The  crown  gall  attacks  the  pear  both 

at  the  crown  and  upon  tips  of  roots.     It  is  less  rapid 

in  its  destructive  effects  here  than   upon   the  peach, 

though  but  slightly  less  serious.     Enlargements  may 

be  readily  detected  and  they  are   usually   of  denser, 

woody  growth  than  upon  the  peach.     The  same  rem-         «,    --     r»         ^^.. 

^.  ,     *-  VL  .*_   .  ^     .^  ^^''  '••    Crown  Omll  on  end 

eoies  apply  here  as  with  that  fruit.  of  p^^^  root. 

Leaf  Blight  of  the  pear   is  produced   by  the   leaf 
blight  fungus  {Entomosporiutn  maculatum  Lev.)  which  causes  spotting  and  dying 
of  the  leaves,  also  cracking  of  fruit.     The  diseased  leaves  show   a  dense,    dark 
colored  coating-  on  the  under  side.     This   disease   is  readily   and  successfully 
prevented  by  the  use  of  Bordeaux  mixture  as  a  spray. 

Leaf-Spot  of  pear  is  another  fungus  disease  which  may  flourish  despite  the 
Qse  of  Bordeaux  mixture,  as  generally  applied.  This  fungxis  (Septaria  piricola 
Sacc)  appears  not  to  yield  to  the  standard  fungicides.  It  produces  small,  cir- 
cular dead  spots  in  the  leaves;  the  spots  in  later  summer  may  drop  out,  leaving 
holes.  It  is  quite  prevalent,  but  as  yet  no  specific  recommendations  can  be 
made  for  it. 

Pear  Scab  is  a  fun^^us  disease  allied  to  Apple  Scab;  the  pear  scab  fungus 
{Fusicladium  pirinum  (Lrib.)Fuckl.)  being  very  similar  in  development  to  that  of 
apple  scab.  This  fungxis  was  very  abundant  in  1898.  It  may  cause  spotting  of 
the  leaves  or  spotting  of  the  fruit  of  the  pear  but  is  not  readily  distingui^ed 
from  the  other  troubles  save  by  the  use  of  the  microscope.  It  is  prevented  by 
the  use  of  Bordeaux  mixture. 
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Rust,    The  development  of  the  early  form  of  the  cedar  rust  sometimes  < 
upon  pear  as  upon  apple. 

Sun-Scald  is  the  name  applied  at  times  to  the  trunk  injuries  upon  pear  which 
are  more  commonly  but  the  work  of  the  pear  blight  bacterium  at  such  points. 

Sooty  Disease.  A  sooty  disease  of  pear  fruit  like  that  which  occurs  upon 
apple  (see  pages  372-3)  likewise  occurs  upon  the  fruit  and  is  also  controlled  by 
similar  treatment. 

PELARGONIUM 

Dropsy.  Some  varieties  of  cultivated  pelargonium,  possibly  called  begonia, 
suffer  seriously  from  dropsy.  One  bright  scarlet  flowered  variety  in  particular 
has  been  cultivated  at  the  Station.  It  often  suffers  from  dead  spots  in  the  leaves. 
Before  these  spots  in  the  leaves  die,  examination  will  show  that  there  are  wet 
looking  places  upon  the  under  side  of  the  leaf  which  appear  translucent  when 
held  between  the  observer  and  the  light.  These  are  nothing  more  than  lealcells 
which  have  become  so  gorged  with  water  9ft  to  be  ruptured.  The  break  down 
extends  to  adjoining  parts  and  then  tends  to  produce  the  spots  before  described. 
This  is  purely  a  physiological  trouble  due  to  excess  of  water.  The  remedy  is 
clear.    Withhold  water  until  absolutely  necessary. 

PBONY 

Stem-Rot — Wilt.  Frequent  complaint  comes  to  us  of  the  dying  of  the  stems  of 
peony.  The  writer  has  had  similar  trouble.  The  disease  has  not  been  fully 
investigated.  Massee  and  others  have  identified  a  rot  fungus{BotfyHs(ScleroHnia) 
pa€oniae  Oud.)  to  which  more  or  less  of  the  stem  rot  may  possibily  be 
referred.  The  symptoms  are  a  gradual  dying  of  the  leaves.  Examination 
shows  stems  to  be  rotted  near  the  ground  or  often  very  much  higher.  A  strong', 
insoluble  fungicide  might  be  successftdly  sprayed  upon  the  stems  without  cover- 
ing  the  leaves. 

PBPPBR8 

Anthracnose.  Two  anthracnoses  of  peppers  have  been  described  from  New 
Jersey,  as  occurring  upon  the  leaves  of  the  plants  {Gloeosporium  pipercUutn 
(£.&£.)  {CoUetoirichutn  nigrum  (Ells.  &  Hals.)  although  the  latter  may  at 
times  be  found  upon  fruits.  In  addition  to  these  Dr.  Halsted  has  demonstrated 
that  cultures  of  the  apple  bitter-rot  as  well  as  the  bean  anthracnose,  will  flourish 
upon  fruits  of  pepper. 

PERSIMMON 

Leaf  Diseases.  So  far  as  known  to  the  writer  no  strictly  fruit  diseases  of  the 
persimmon  occur  in  our  district.  We  may  have  at  least  three  leaf  diseases. 
These  are  an  anthracnose  fungus  (Gloeosporium  diospyri  (E.  A  E.),  the  true 
leaf-spot  fungus  {Cercospora  aira  (E.  &  E. }  and  a  powdery  mildew  (Podosphaera 
oxyacanthae  (DC  )  DeBy.).  The  mildew  will  show  like  others,  as  a  whitish 
covering  upon  the  leaves,  while  the  others  are  likely  to  inflict  real  injury  to  the 
leaf  tissues.    All  should  be  possibly  controlled  by  spraying. 

PHLOX 

Leaf-Spot.  Cultivated  phlox  is  frequently  attacked  by  a  leaf-spot  fungous 
(Septoria  divaricaiae  E.  &  E. ).  This  mars  the  appearance  of  the  leaves  but  is 
not  often  serious. 

Powdery  Mildew.  There  is  a  powdery  mildew  fungus  also  {Erysiphe  Cichar* 
auarum  DC  )  sometimes  found  upon  cultivated  phlox.  It  develops  as  a  whitish 
covering  over  the  leaves  and  other  parts.  Both  should  yield  to  spraying- 
properly  done. 
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PINB 
Dsmprng-Off.  A  damping-off  fungus  {Fusarium  sp.)  bas  recently  been  very 
troublesome  with  seedlings  of  white  pine  in  the  east.  This  has  been  investigated 
aod  remedies  have  been  tried  successfully.  These  are  either  dilute  sulfuric  acid 
or  powdered  copper  sulfate  and  lime;  the  former  being  sprayed  on  the  seedlings 
about  the  base  and  the  latter  applied  as  dust.  (See  Cir.  4,  Bur.  Plant  Indus.). 
It  is  likely  that  with  efforts  to  grow  white  pine  for  timber  purposes  in  this  state, 
troubles  of  this  type  will  not  be  restricted  to  this  parasite. 

Leaf  Blight  and  Leaf-Spot.  Leaf  troubles  have  been  met  in  most  areas  where 
white  pine  grows  naturally  or  is  being  cultivated  very  largely.  One  of  these 
so-called  leaf  blights  is  referred  to  a  fungus,  {Septoria  parasitica  Hartig). 
It  has  been  found  in  adjoining  states  if  not  in  Ohio.  Another  leaf-spot  fungus 
(Fkoma  strobi  Berk  and  Br.)  is  quite  prevalent  upon  white  pine  in  Eu  pe.  It  is 
believed  that  this  parasite  or  a  closely  related  one,  (f^ama  strobilinum  P.  C.) 
occurs  within  our  borders.  Remedies  have  yet  to  be  worked  out  for  these  troubles. 
RoQt-Rots  are  to  be  expected  in  addition  to  the  damping-off  fungus  before 
mentioned,  especially  among  seedling  pines  under  culture. 

Rust.  In  Europe  the  blister  rust  fungus  {Cronartium  ribicolum  Dietr.  Peri' 
dermium  sirobi  Kleh,)  has  been  long  known  as  a  serious  drawback  to  the  culture 
of  the  white  pine.  Curiously  enough  this  rust  has  imtil  recently  not  been  known 
in  the  United  States.  Not  long  since  warning  was  sent  out  by  the  Department  of 
Agriculture  that  this  rust  had  appeared  in  America  and  should  be  sought  for 
upoo  its  alternate  hosts,  the  white  pine  (Aecidia)  and  the  currant  and  gooseberry. 
(Uredo-  and  Teleutospores).  Upon  the  pine  the  aecidial  stage  develops  numerous 
orange  cluster  cups  infecting  the  stem  toward  the  base.  This  causes  high  mor- 
tality among"  the  young  pines.  Upon  the  currant  and  gooseberry  the  uredospores 
show  yellow  color  which  darkens  as  the  teleutospores  form.  These  are  to  be 
sought  in  August  or  early  September,  and  by  reason  of  the  importance  of  this 
rust  merit  early  attention  by  students  of  these  diseases. 

PLUM 

Black-Knot.    This  is  the  same  disease  as  that  described  imder  black-knot  of 

cherry.     It  is  more  frequent  upon  the  Damson  than   upon  the  other   European 

plums,  but  requires  only  the  removal  and  burning  of  the  knots  each  year  before 

March,  in  order  to  grow  plums  successfully  and  without  serious  injury  from  this 

disease. 

Brown-Rot  is  by  all  odds  the   most 

serious  disease  with  which  Ohio   plum 

growers  have  to  deal,    outranking  by 

far  black-knot,  shot-hole  fungus  and  all 

the  other  ills  plums  are  heir  to.     It   is 

the  same  in  character  as  the  rot  of  other 

stone  fruits.     As  with  the  peach,    the 

TOt  fungus  {Sclorolinia  (Monilia)  fruc- 

tigena  (Pers.)  lives  over  winter  in  the 

mummy  rotted  plums  of  the  year  before 

and  possibly,  to  a  limited  extent,    in 

affected  branches.     The   first   step   in 

successful  control  of  rot  is  the  removal 

and  burning  of  these  old  plums.      The 

next  step  is  to  spray  thoroughly,  before 

FIc.  19.    aoater  of  pluma  deatrored  by  rot      the   buds   open,    and    to   continue   the 

2SS5J  wSSSrfi  .,2f S?Sl'  5"S:pS      spraying  and  picking  the  rotted  plums 

totteffoand,  aioco  they  carry  the  rot  fungoa      ^^  circumstances  demand.      Likewise; 

over  tiM  wlntar  period. 
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eontrolthecurculio.    For  details  of  treatment  see  calendar.    No  halfwaj  i 
urea  will  yield  satisfactory  results  in  dealing  with  plum  rot. 

Cankers.  In  Europe  trunks  of  the  plum  as  well  as  trunks  of  forest 
suffer  from  canker  caused  by  a  distinct  species  of  fungus.  As  yet  we  have  no 
true  proof  of  cankers  due  to  these  parasites  in  Ohio.  The  parasite  is  Nectfim 
diHssima, 

Crown  Oall.    This  disease  has  been  reported   upon  the  plum  as   upon  the 
peach,  but  is  less  frequent. 

Leaf-curl.  On  Japanese  varieties  of  plum, 
the  leaves  at  times  suffer  from  leaf-curl  at- 
tacks similar  to  those  upon  peach.  It  should  be 
reached  by  the  same  remedy,  winter  sprays. 
Mildew.  The  powdery  mildew  fungus  of 
the  cherry  {Podosphaera  oxyacaniha€(  DC  ) 
De  By)  also  occurs  at  times  upon  the  plum» 
but  is  usually  rather  easy  to  control. 

Pockets  or  Bladders.  American  yarieties 
of  plum  are  sometimes  attacked  by  a  fungus 
(Exoascus  sp.)  related  to  the  leaf -curl  fungus. 
This  causes  enlargement  of  the  young  fruits 
which  are  hollow;  because  of  this  conditioo 
they  are  sometimes  alluded  to  as  "bladders." 
The  conditions  which  bring  about  the  disease 
are  the  same  as  those  of  leaf-curl,  viz.,  ex- 
cessive cool  wet  weather  in  the  early  season. 
The  winter  spray  as  for  leaf-curl  should  be 
effective. 
Pi£.M.  PlumlMf  attectod  by  Shot-  Root-Rot.    Plums  are  susceptible  to  at- 

bolePunffUB.    This  fungus  is  the  sama  as       ^ici.x«xt.  ^^i.  %^      j» 

that  cuaior  Leaf-Spot  on  cl«iy.  but  in  *»"''  <>*  root-rot  as  inthe  case  of  Other  orchard 
this  caae  tbe  diaeaaed  areas  of  the  leaf  tend  fruits  where  set  following  timber  or  fruit 
to  dropout*  leaving  **8hot-h6leN.**  trees  that  have  suffered. 

Shot-Hole  Fungus  is  at  times  a  very  de- 
structive disease  of  the  plum.  It  is  due  to  the  same  fungus  {Cylindrosporiuim 
Padi  Karst. )  which  attacks  the  cherry,  although  in  this  case  even  more  serious 
injury  is  liable  to  result  than  with  cherry  trees.  Where  trees  are  defoliated  by 
•hot-hole  fungus  the  fruit  is  of  small  value  and  the  trees  put  forth  new  foliage 
and  blossoms,  thus  leaving  immature  wood  and  a  sappy  condition  for  trouble  in 
winter.  Under  such  circumstances  the  secondary  losses  may  be  enormous.  This 
fungus  is  readily  prevented  by  spraying  with  standard  Bordeaux  mixture,  the 
first  application  being  made  when  the  leaves  are  half  grown,  and  two  more  at 
intervals  of  about  three  weeks. 

Winter  Injury  or  so-called  Sun-Scald.  In  1896-7,  following  neglected  cases  of 
shot-hole  fungus  which  defoliated  the  trees  in  the  fall  of  '96,  some  plum  orchards 
were  almost  totally  destroyed  by  the  severe  winter  freezing.  The  sappy  trees 
were  not  in  condition  to  withstand  the  severe  cold, —  15  degrees.  Young 
were  killed  to  the  snow  line  while  older  trees  had  the  sides  of  the  trunk, 
monly  that  facing  to  the  southwest,  severely  injured.  Plum  trees  were-  a^raiii 
injured  by  freezing  in  1906-7.  (See  Bulletin  ITJ).  The  preventicm  of  this  trouble 
lies  in  the  prevention  of  the  shot-hole  fungus  and  the  avoidance  of  the  oonditioiis 
named.  In  soire  cases  it  is  possible  that  protection  of  the  trunk  by  straw  or 
boards  might  be  profitable. 

Rust  upon  the  plum  has  been  collected  in  some  of  the  western  «tsiss«  but   at 
present  has  not  been  seen  in  Ohio  by  the  writer. 
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POPLAR 

AnthrscacMe.  Species  of  poplar  or  cottonwood  are  at  times  attacked  by 
sotbracnose  {Marsomia  populi  Hals.).  It  produces  similar  effects  to  those  of  aa- 
thracnose  upon  sycamore. 

Rust.  The  leaves  of  poplars  are  frequeoCly  attacked  by  the  rust  (Melampsora 
pcf^ulina  (Jacq.)  Lev.)  which  disfigures  the  leaves  by  the  spots  caused  through  its 
development.  The  thrifty  growth  of  poplars  usually  overcomes  these  foliage 
diaeajics  under  favorable  conditions. 

POTATO 

Bacterial  Blight.  This  is  a  serious  disease  of  the  potato;  it  also  attacks  tiis 
tomato,  tobacco  and  egg-plant.  It  has  been  referred  to  a  microbe  (BacUrimm 
soianacearum  Smith).  The  parts  of  the  stem  attacked  die  off  suddenly  and  the 
tnt>era  from  the  affected  plants  have  a  dark  discoloration  of  the  tissues  in  a 
diatioct  ring  at  a  slight  distance  from  the  exterior  of  the  potato.  Fungicides 
are  practically  useless  for  this  disease.  Such  diseased  tubers  should  not  be 
plantecl  nor  should  potatoes  follow  a  diseased  crop  of  tomatoes,  egg-plants  or 
potatoes.     (Div.  Veg.  Path.  B.  No.  12,  U.  S.  Dex»t  of  Agric.) 

Black-Leg.  In  much  of  Europe  and  in  America  the  bases  of  potato  stems  are 
often  attacked  in  the  early  season  by  a  basal  stem-rot  which  causes  serious 
ctieck  to  the  growth  of  the  plants.  The  diseased  parts  show  well-marked  lesions 
due  to  the  work  of  a  bacterium  {Bacillus  phytophthorus  AppeL).  Dr.  Smith  has 
recently  investigated  the  disease  in  this  country  and  has  found  it  widely  dis- 
trit>uted.  In  Ohio  it  occurs  to  a  certain  extent  and  is  at  times  quite  similar  in 
its  effects  to  those  referred  to  rosette.  Measures  of  control  will  largely  consist 
in  rotation  of  the  potato  crop.    See  Bulletin  Maine  Expt  Station  174  (1909). 


Piff.  81.    A  potato  dcstroired  br  Dnr-Rot.    This  tbowt  the  charactertotie  appaaranoe 
tfL  tlia  rottad  potato-— Prom  a  phcrtocraph  by  T.  P.  Manna. 


Digitized  by 


Google 


481  OHIO  EXPERIMENT  STATION:  BULLETIN  a4 

Dry-Rot.  The  dry-rot  fungus  {Fusarium  oxysparum  Schl.)  has  become  g^o- 
erally  prevalent  in  Ohio.  This  attacks  the  plant  as  the  result  of  seed  tuber  or 
soil  infection,  causing  wilt  troubles  of  the  plants  (see  Fusarium  Blight)  as  well  as 
dry-rotting  of  the  tubers  iri  storage.  This  tuber  dry-rot  is  shown  by  the  mold- 
like development  of  the  fungus  on  the  tubers.  All  such  tubers  should  be  rejected 
and  rotation  in  potato  growing  should  be  practiced.  Partly  infected  lots  of 
potatoes  held  in  storage  should  be  promptly  used.  The  infection  of  seed  tubers  is 
shown  by  cross  sections  near  the  stem  end  of  the  tuber  at  digging  time  or  later. 
Where  infection  occurs  there  will  be  browning  of  the  vessels  near  the  exterior  of 
the  potato.  In  limited  infection  only  small  spots  will  show,  but  as  the  infection 
advances  these  brown  tissues  show  as  characteristic  rings  approaching  that  in 
bacterial  blight.  These  spotted  tissues  yield  the  fusarium  of  infection  in  cultures 
as  has  recently  been  shown  by  the  assistant  botanist.  Since  we  know  that  this 
parasite  develops  as  a  blight  of  the  plant  proper,  we  need  to  reject  all  diseased 
tubers  tor  seed.     (See  Fusarium  Blight). 

Barly  Blight  of  potato  is  a  premature  spotting 
and  dying  of  the  potato  leaves,  due  to  the  work 
of  a  parasitic  fungus  (Altemaria  solani  (  E.  d 
M.)  Jones  &  Grant).  The  occurrence  of  the 
early  blight,  however,  is  liable  to  be  influenced 
by  the  general  vigor  and  other  conditions  of  the 
plant;  yet  there  is  no  just  basis  for  denying,  in 
the  light  of  our  present  knowledge,  the  parasitic 
nature  of  this  disease.  Jones  has  made  cultures 
of  the  fungus  and  produced  the  disease  by  inoc- 
ulation (Vt.  Exp.  Sta.  Buls.  24  and  28;  Rept 
1892)  and  has  secured  most  admirable  results 
by  the  use  of  f  imgicides.  Th  is  successful  spray- 
ing in  itself  is  in  the  nature  of  proof  of  parasitic 
character.  In  the  potato  work  at  this  Station 
it  has  been  the  uniform  practice  to  spray 
thoroughly  with  Bordeaux  mixture,  adding  ar- 
senites  for  the  insects,  as  required,  audit  has  been 
many  years  since  we  have  suffered  any  serious 
loss  from  early  blight.  However,  the  spraying 
for  early  blight  will  not  prevent  the  bacterial 
disease  above  described,  and  it  is  doubtless  the 
Fi£.  83.  Barly  Bliffbt  on  potato  confusion  of  these  two  diseases  that  has  led  to  such 
leaf.   (After  Jooes).  differences  of  opinion  among  potato  growers  as 

to  the  efficiency  of  spraying  with  Bordeaux 
mixture  for  early  blight.  There  is  real  danger  of  the  confusion  of  early  blight 
with  the  Fusarium  blight  described  in  the  following  paragraph  Our  recom- 
mendation is  still  that  contained  in  the  spray  calender,  namely:  to  spray  with 
Bordeaux  mixture  or  some  modified  form  of  it. 

Fusarium  Blight.  Early  in  the  season  of  1909  it  was  discovered  that  a  small 
area  of  one  of  the  unfertilized  potato  plots  at  the  Station  was  dying  out.  Sub- 
sequently the  area  became  larger  and  investigation  showed  the  fungus  to  be  that 
of  dry-rot,  which  see.  Later  it  developed  that  the  yield  of  the  entire  tier  of  plots 
grown  in  three  crop  rotation,  died  prematurely  although  spraying  had  been 
practiced  as  usual.     The  dying  plants  showed  infection  and  the  dead  areas  had 
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m  them  black  masses  of  a  species  of  fun^rus  (  Vermicularia)  whose  relation  to  tbt 
disease  is  undetermined.  At  d%gin^  time  it  was  found  that  in  addition  to  grub 
injury,  the  tubers  were  very  generally  infected  with  the  markings  of  the  dry-rot 
fungus  in  the  conducting  tissues.  Sections  of  the  stem  end  showed  brownish 
disoolorations  of  the  vessels,  and  occasionally  tubers  showed  marked  invasion 
by  the  fungus.  Tubers  collected  elsewhere  sometimes  showed  these  disoolorations 
of  the  vessels  extending  half  the  length  of  the  tuber.  Injury  by  grubs  favored 
infection. 

Following  these  discoveries  quite  thorough  studies  were  made  of  potato  con- 
ditions in  the  state,  and  it  developed  that  the  fusarium  blight  prevailed  in  local 
fields  throughout  the  entire  potato  growing  area.  While  some  growers  had  ob- 
,tained  fine  crops  in  spite  of  limited  infection  other  growers  had  suffered  seriously. 


Flff.  83.  Potato  tnbera  attacked  by  DryRot  Puaarium,  ■bowiaff  Mctioaa  near  the  stem-«Dd  o< 
bealthy  (No.  1)  infected  potato  tubers.  (Noe.  2^)  This  infection  may  be  easily  discovered  by  cross  sec- 
tions flUKle  with  a  sharp  knife,  and  sections  from  sterilised  tubers  give  cultures  in  Petri  dishes.  At 
times  tlM  disoolorations  extend  to  the  middle  of  the  tuber.    )From  a  photograph  by  T.  P.  Manns). 

One  grower  in  Summit  county,  who  had  succeeded  very  well  in  1908  had  such 
serious  loss  of  crop  from  fusarium  blight  that  he  was  led  to  attribute  it  to  spray 
injury  since  blighting  and  dying  went  on  in  spite  of  the  spray  treatment.  Inves- 
gation  showed  that  his  entire  area  was  very  badly  infected  with  this  fusarium. 
He  was  advised  of  the  fact  and  warned  against  using  infected  seed  or  immediate 
planting  of  infected  land.  It  developed  also  that  northern  grown  seed  showed 
up  quite  satisfactorily.  On  further  examination  it  developed  that  the  seed  from 
Red  River  Valley  and  from  parts  of  New  York  and  possibly  parts  of  Michigan 
was  nearly  free  from  infection  by  this  fungous.  It  was  also  developed  that  seed  po- 
tatoes stored  in  Cellars  have  sometimes  given  much  less  satisfactory  return  than 
seed  from  the  same  field  stored  in  outdoor  pits.  This  would  seem  to  be  explained 
by  the  known  fact  that  (Fusarium  oxysporum)  the  dry-rot  fungus,  makes  slo^ 
progress  at  low  temperatures,  that  is  42^  or  below.  This  disease  presents  a  real 
problem  in  potato  growing  for  the  year  of  1910,  and  interpreting  the  results  of 
1906  in  light  of  the  experiences  of  1909,  one  is  led  to  infer  that  the  disease  then 
I  prevailed  and  aooountad  in  part  for  the  general  early  dying  of  potato  tops. 
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In  Europe,  especially  in  Germany,  in  1907  and  possibly  in  the  seasons  sinoe 
moch  complaint  has  been  made  of  a  similar  disease  to  that  described  by 
Stewart  as  a  leaf-roll  disease  \Blattrollkrankh^t).  In  the  European  disease  as 
well  as  in  the  stem  blight  of  potatoes  described  by  Stewart  in  New  York  (See 
Bulls.  101  and  138)  and  in  our  present  fusarium  blight,  the  leaves  of  the  afifected 
plants  lose  color  and  roll  upward  from  the  border.  With  this  occurs  a  g-eneral 
loss  of  green  in  the  plants.  Orton,  who  has  made  a  general  study  of  the  disease 
throughout  the  country,  regards  the  fusarium  of  dry-rot  as  the  causal  org^uiism, 
and  finds  very  serious  checks  upon  potato  growing  have  resulted  in  San  Joaquin 
county,  California,  upon  so-called  tule  lands  where  continuous  cropping  in 
potatoes  has  been  more  or  less  practiced.  The  evidence  is  conclusive  that  we 
have  in  the  dry-rot  organism  a  blight  organism  of  the  potato  plant  which  is  at 
the  same  time  a  soil  infesting  as  well  as  a  seed  tuber  infecting  fungus.  In 
addition  to  this,  incomplete  observations  support  the  idea  that  some  spread  of  the 
organism  takes  place  as  with  other  fungus  parasites  in  the  field.  In  the  matter  of 
preventive  measures  and  remedies,  the  first  consideration  should  be  given  to  seed 
tubers.  These  should  be  of  such  source  and  character  as  are  clear  from  infection. 
This  infection  may  easily  be  determined  by  cutting  across  the  stem  end  of  the 
tubers.  Evidently  cellar  stored  seed  is  dangerous  during  this  period  of  epidemic. 
In  the  matter  of  spray  prevention  we  have  evidence  in  a  cooperative  test  in  Portage 
County,  that  the  spray  holds  back  the  advance  of  the  development.  Upon  dupli- 
cate plots  where  strong  Bordeaux  mixture  was  used,  the  gain  was  at  the  rate  of 
13  bushels  per  acre  above  any  other  sprayed  plots;  and  9  bushels  per  acre  above 
the  checks.  These  plots  remained  g^reen  longer  than  any  of  the  others  and  show 
a  decided  reaction  to  the  copper  fungicide.  Prom  the  behavior  of  certain  hills 
in  the  various  fields  whose  tops  remained  green  in  spite  of  the  general  infection, 
breeding  for  blight  resistance  should  give  decisive  results. 

Late  Blight  or  Rot  of  the  Potato  {Phytophthora  in/estans  De  By)  called  in  Europe 
*'the  potato  disease"  is  caused  by  a  downy  mildew  fungus.  This  mildew  spots 
the  leaves,  producing  a  downy,  felt-like  covering  in  spots  on  the  under  side  of 
the  leaves  of  infested  plants.  This  causes  prompt  dying  with  wet-rot  conditions 
of  the  leaves  and  the  tubers  are  rapidly  destroyed  with  wet-rot  appearances.  The 
potato  Phytophthora  is  a  disease  which  like  its  host  plant  is  acoustomed  to 
somewhat  cooler  conditions  of  climate  than  usually  prevail  in  Ohio.  However, 
in  the  years  1904  to  1907  all  the  summer  months  were  several  degrees  below  tiie 
normal;  this  resulted  in  continuous  out-breaks  of  the  blight  or  rot,  culminating 
in  1906-7.  In  1906  under  wanner  or  drier  conditions  while  the  fungus  was  found 
at  Wooster  it  did  not  inflict  damage  here  or  elsewhere  in  the  state.  It  is  unlikely 
to  be  injurious  in  Ohio,  except  in  seasons  cooler  and  more  moist  than  normal. 
(See  table  of  seasons  page  354). 

Spraying  for  late  blight  is  entirely  successful  and  should  begin  by  the  20th  of 
July,  being  repeated  at  intervals  of  two  weeks  and  applications  made  at  the  rate 
of  100  gallons  per  acre  on  full  grown  vines.  The  duration  of  the  spraying  will 
depend  upon  the  maturity  of  the  plants,  in  the  late  crops  reaching  four  or  occas- 
ionally five  sprayings. 

Rosette.  The  Rosette  or  Rhizoctonia  disease  often  prevails  in  Ohio,  especially 
where  potatoes  are  grown  on  acid  soils.  This  acid  condition  is  evidently 
favorable  to  the  fungus  which  attacks  the  stems  of  the  young  plants  or  even  in 
early  developments  of  the  stems,  these  are  often  rotted  off  t>elow  the  surface  for  the 
earth.  In  later  developments  the  elongation  of  the  plant  axis  is  stopped  and  a 
rosette  appearance  is  shown  in  the  leaves.     The  disease   survives  by  the  red- 
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pon  the  seed  tubers; 

'  controlled  by  seed 

nnaldehjde  or  oor- 

(See  buUetins  139 

a  well  known  para* 
e  potato  tuber  that 
leecription.  Whether 
cteria,  or  both,  the 
>n  of  potato  scab  oon« 
:  the  parasites  on  the 
1  then  hi  planting 
-om  those  organisms, 
[question  will  usually 
which  potatoes  were 
us  year,  or  in  that 
The  materials  used 
treating  for  scab  are 
tion  of  corrosive  sub- 
a  of  f  ormalin^  as  per 
spray  calendar.  It 
treat  the  seed  and 
^infested  land*    See 


bring  them  about.  Pi^.W    Bwe*  of  potato  •temtiHowin^lerioMamsed  by 

Wart-Dlsesse.       This   di-       Rosette  Fungus.      The  shaded  areas  were  dark  with  aa 
sease*  also   called    "canker"       abundance  of  the  funrus,  and  the  tope  showed  conspicuons 
and  ••black.scab"  is  caused     '^-^•^•^-  Fn>«  BuUetin  139. 
by  a  sou  infesting  fungus,  {Chrysophlyctis  endobioHca  Schilb)  and  has  recently 
"^         1  established  in  New  Poundland  and  possibly    at  other   points  in  North 
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• 
America.  It  was  discovered  upon  potatoes  from  upper  Hungary  in  1896  and 
has  since  become  distributed  over  much  of  northern  Europe  including'  Germany, 
England,  Ireland,  Scotlimd  and  Wales.  Apparently  this  wart  disease  is  the 
most  serious  potato  trouble  yet  met  with  in  cultivation,  since  it  causes  large 
warts  upon  potatoes  but  partially  infected  and  converts  those  badly  attacked 
into  corky  masses  not  unlike  lumps  of  coke.  Such  tubers  are  entirely  unfit  ior 
human  food  though  they  may  be  used  for  stock  food  after  cooking.  The  fungus 
causing  the  disease  survives  in  the  potato  by  resting  spores  as  well  as  by  its 
vegetative  parts  and  appears  to  remain  as  a  soil  infestation  for  five  to  six  years. 
Seed  treatment  is  not  effective  in  controlling  the  disease.  Every  effort  should  be 
made  to  secure  the  exclusion  of  the  disease  from  the  United  States  and  to 
recognize  it  should  imported  tubers  carry  the  trouble.  See  Gussow,  Bulletin  63 
Central  Experimental  Farms  (Ottawa)  and  Orton,   Circular  52,   Bureaa  Plant 

Industry  1910. 

PRIBffULA 

Rot.  A  rot  of  Chinese  primula  due  to  Botrytis  and  similar  to  that  on  peoogr 
has  been  reported  and  may  be  expected  with  us. 

PRIVBT 

Antfarscnose.  Privet  in  hedges  is  frequently  attacked  by  antfaracnose 
{Gioeosporium  cingulaium  Atk.).  This  shows  itself  by  lesions  in  the  younger 
stems  and  results  in  dying  of  the  portions  of  the  attacked  branches  beyond  the 
lesions.  This  weakens  the  hedge  and  sometimes  results  in  secondary  coose 
quences.  While  spraying  has  not  been  fully  worked  out  for  this  dlimaarr,  it 
should  prove  an  effective  remedy  at  the  proper  time. 

PUBCPKIN 

Downy  Mildew  and  Wilt  attac)^  pumpkins  after  the  manner  described  under 
muskmelon  and  cucumber.    The  remedies  are  the  same  as  there  stated* 

QUINCB 

Antfarscnose.  The  fruits  and  possibly  the  branches  of  quince  are  attacked 
by  an  anthracnose  fungus{Glomerella  ru/omaculans  Sx>.  &  V.  Schr.)which  is  the 
same  as  that  causing  bitter-rot  in  apple.  According  to  our  knowledge  of  the 
survival  of  this  fungus,  attention  must  be  given  to  gathering  and  burning  of 
''mummy"  fruits  and  to  the  cankers  produced,  if  any,  upon  the  branches.  The 
spraying  treatment  necessary  is  the  same  as  that  for  apple  bitter-rot 

Black-Rot.  The  fruit  and  foliage  of  the  quince  are  attacked  by  black-rot. 
The  black-rot  multiplies  very  rapidly  in  the  fruit  of  quince  and  often  causes  loss 
of  much  Ox  that  produced.  This  fungus  {Sphaeropsis  tnalorum  Pk. )  also  develops 
as  a  leaf-spot  upon  the  foliage  causing  defoliation.  It  is  liable  to  attack  the 
branches  after  the  manner  determined  for  apple.  To  hold  this  fungus  in  check 
very  careful  spraying  is  required  at  times,  but  as  a  rule  it  is  easier  to  keep  down 
the  black-rot  on  fruit  and  foliage  of  quince  than  to  keep  it  down  on  susceptible 
apples.    The  spray  used  is  Bordeaux  mixture. 

Leaf-Spot  of  another  kind  which  is  identical  with  that  upon  pear  is  found  at 
times  formed  upon  the  quince.  It  is  controlled  by  the  same  treatment  as  the 
black-rot 

Blight  The  blight  upon  quince  (Bacillus  amylovorus  (Btur.)  De  Toni.)  is 
slightly  less  destructive  than  that  upon  pear.  It  is  caused  by  the  same  bacterium 
and  requires  the  same  watchful  care  and  attention  as  in  the  case  of  pear. 

Pale-Rot  This  (Fhoma  cydoniae  Sacc.)  is  reported  from  some  of  our  states 
and  may  occur  in  Ohio.  There  is  no  evidence  to  indicate  that  it  will  require 
WP"^  prolonged  treatment  than  black-rot  or  leaf-spot. 
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Rust  {Gymnosporangium  sp.)  also  occurs  upon  the  quince  when  trees  are 
near  cedars  which  carry  the  cedar  apples  and  distribute  spores.  Labor  must 
be  devoted  to  the  destruction  o<  the  source  of  infection  as  in  the  apple. 

RADISH 

B]sck*Roty  Club-Root.  Black-rot  (Bctderium  campestre  (Pamm)  and  club- 
root  {Plasmodiophara  brassicae  Wor.)  occur  upon  the  radish  at  times  and  are  of 
the  same  nature  and  cause  as  these  diseases  upon  other  mustards,  especially 
cabbage  and  cauliflower.  The  attention  to  control  will  be  similar  to  Uiat  for 
cabbage. 

Downy  Mildew  and  White  Mold  (Ptronospora  parasitica  De  By«  and  Cystopus 
candidus  Pers.)  also  occur  upon  the  leaves  of  radish,  the  latter  more  especially 
npon  younger  plants.  These  are  the  same  diseases  that  have  been  described 
upon  other  mustard  growths. 

RAPB 

BIsck-Roty  Club-Root,  etc  Rape,  as  other  mustards,  is  attacked  by  a  grroup 
of  diseases  which  are  common  upon  plants  of  the  mustard  family.  These  are 
black-rot,  club  root,  white  mold,  etc.,  that  are  more  fully  described  under 
cabbage,  cauliflower  and  radish. 

RASPBBRRY 

Anthncnose  (CoUetotrichum  venetum  (Speg>.)  Hals.).  The  anthracnose 
fungus  is  a  frequent  bane  to  the  raspberry  grower.  It  attacks  the  young  canes 
and  so  spots  and  injures  them,  as  well  as  the  foliage,  that  when  the  time  arrives 
for  ripening  the  fruit  the  plants  are  unable  to  do  this  and  the  crop  is  largely 
lost  The  Horticulturist  of  this  Station  has  always  succeeded  in  holding  this 
diseas  hods  of  spraying   recommended   in   the   cal- 

endar for  anthracnose.  Care,  however, 
must  be  used  in  the  application  of  the 
spray  to  reach  the  stems  of  the  young 
canes  and  to  keep  the  fungicide  from 
the  leaves  of  bearing  canes  where  it  wiU 
do  injury. 

Cane  Blight.  Serious  dying  of 
raspberry  canes  has  occured  in  some 
of  the  northern  districts  where  they  are 
largely  grown.  These  troubles  range 
from  "dieback"  to  impaired  vigor  in 
which  there  are  seeming  brown  patches 
upon  the  stems.  As  a  rule  these  have 
failed  to  yield  a  specific  organism  and 
may  be  the  result  of  root  conditions* 
which  appear  to  be  quite  unsatisfactory 
on  both  raspberry  and  blackberry,  as 
described  under  the  former. 

Crown  Gall  is  at  present  one  of  the 
most  destructive  diseases  attacking 
raspberries.  In  some  well  marked 
cases  upon  the  variety  known  as 
Thompson's  Prolific  (Bulletin  79)  eel- 

thnoo^   Thi.c««e."binta.«F."«pat.of  tte      ^o™*   *^*^«   ^>«««   suggested    as    the 
Mnaa.  Aftw  Scribaer.  possible  cause  of  the  gall  production; 
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but  whatever  the  cause  of  the  galls  attacking  that  variety 
we  have  found  them  transmitted  to  the  peach  in  the  same 
soil  and  we  have  found  that  practically  all  of  the  varieties 
of  raspberries  are  attacked  by  a  similar  trouble  producing 
like  excrescences.  These  galls  result  in  the  destruction  of 
the  bearing  canes,  and  where  the  raspberries  are  planted 
in  orchards  the  disease,  it  would  seem,  may  extend  to  the 
orchard  trees  as  well.  Late  investigations  show  that  a 
bacterium  is  the  cause  of  crown  gall  on  the  almond.  (Science 
N.  8.  Vol.  XXTTI,  No.  575,  pp.  424,425;  byErwinF.  Smith. 
U.  8.  Dept  of  Agric).  Prompt  removal  and  burning  of  all 
affected  canes  is  the  only  method  of  treatment.  Indeed  it 
has  been  demonstrated  from  the  very  t>eginning  that  a 
healthy  raspberry  plantation  cannot  be  secured  by  the 
selection  of  apparently  healthy  plants  from  diseased  areas. 
Nothing  remains  tmt  to  secure  plants  from  healthy 
plantations. 

Bacterial  Blight  of  raspberries  has  been  described  by  this 
Station;  it  has  not  recently  proved  serious.    (Bulletin  78). 

Leaf-Spot  and  Rust.  The  leaf-spot  fungus,  already  de- 
scribed for  blackberries  and  dewberries,  upon  which  it  is 
more  commonly  found,  was  prevalent  in  1899  upon  rasp- 
berries. The  only  remedy  for  rust  (Caeoma  niUns  Schw.) 
is  the  removal  and  destruction  of  all  cltunps  either  wholly 
or  partially  infected.  The  leaf-spot  fungus  {Septoria  rubi  West.)  will 
yield  to  spraying  with  Bordeaux  mixture.  Winter  injury  usually  occurs 
and  is  shown  by  the  killing  back  of  canes  which  fail  to  mature  properly.  The 
remedy  must  lie  in  the  avoidance  of  the  conditions. 

RBD.TOP 

Antfaracnose  (Colletotrichum  cereale  Manns. )  was  found  upon  red-top,  as  also 
upon  timothy,  orchard-grass,  wheat,  rye,  oats  and  chess.  The  symptoms  are 
the  same  as  for  the  other  grains;  the  disease  attacks  the  culms  and  sheaths  upon 
the  lower  part  of  the  stem.  The  chief  interest  which  comes  from  the  disease 
upon  grasses  is  the  means  this  may  serve  to  carry  the  disease  of  one  rotation 
to  the  next  in  cereals. 


Piff.  tr.  civwo- 
Qall  on  raspberry 
planti.  TbMtalaooc- 
citr  on  tlw  foots. 


ROSB 

Anthracnose.  An  anthracnose  fungus  (GTi^^^jr/^rv'tfUi  rosiu  (Hals.)  attacks 
the  rose,  causing  defoliation  of  the  canes;  indeed  the  whole  plant  is  attacked. 
This  behaves  very  similarly  to  the  anthracnose  fungus  of  the  raspberry.  Young 
plants  are  found  most  susceptible  to  the  disease.  The  methods  of  iiajM^itng  are 
practically  the  same  as  for  the  anthracnose  of  the  raspberry. 

Crown  Qall.  Crown  gall  trouble  essentially  the  same  in  character  as  that  of 
raspberry,  occurs  on  roses  but  requires  no  separate  description  here. 

Leaf  Blotch  {Actinonema  Rosae  (Lib.)  Fr.)  often  causes  dark  spotting 
of  the  leaves.  The  frost-like,  branching  growth  over  the  leaf-surface  is  often 
very  pretty  in  design  though  injurious  in  effect  If  the  rosehouse  is  too  moist, 
or  if  other  conditions  be  slightly  unfavorable,  the  fungus  seems  to  flourish  all 
the  better.  It  may  be  checked  by  the  use  of  Bordeaux  mixture  or  by  dilute 
copper  sulfate  solution,  as  recommended  for  cuctunbers  in  the  greenhouse 
(One  pound  to  fifty  gallons). 
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Flff.W.  BrmnchofroM 
loot  with  N«auitodc  QiUla. 


Rose  Mildew  is  attributed  to  the  f unij^us  {Sphaerotheca 
pannosa  Lev. )  which  Is  commonly  preyalent  in  roaehouaes; 
it  is  also  found  occasionally  out  of  doors.  This  mildew 
is»  for  the  forcing  house,  largely  diagnostic,  indicating, 
when  prevalent,  uneven  temperatures.  Proper  attention 
to  the  matter  of  heat  is  the  best  preventive.  Sulfur  is 
often  sprinkled  upon  plants  and  is  frequently  used  upon 
the  steam  pipes,  but  it  is  not  clear  that  the  influence  im 
very  great. 

Nematodes.    Among  the  most  serious  of  the   rose 
diseases  is  that  caused  by  the  eelworms  or  nematodes 
which   attack    the  roots.      As  with  cucumbers,   these 
parasitic  worms   induce  the  growth  of  small  bead-like 
galls  upon  the  roots  of  the  rose.    The  leaves  dry  up 
from    the    margins, 
the  plants  generally 
turning  yellow   and 
breaking  down     as 
the  outcome  of  this 
interference  with  the 
proper  work  of  the 
roots.    This  subject 
of  nematodes  is   dis- 
cussed at  length  in 
Bulletin  73.    No  suc- 

oesaful  remedy  has  been  found  for  plants  once 

attacked.    The  method  of   prevention  con- 
sists, as  in  the  case   of  cucumbers    already 

cited*  in  the  proper  steaming  and  treatment 

of  the  soil  designed  for  use  in   the  rose 

benches. 

Roat  (Phragmidium  subcortictum 

Scfarank.).    This  is  occassionally   met   and 

proves  very  disfiguring.    As  yet  we  can  ad- 

Tise  nothing  more  than   the   choice  of  rust 

resistant  sorts. 

RUTABAQA 
Rutabaga   is    attacked    by    the    same 

diseases  as  attack  turnips. 

RYB 

Rye  Anthrscnose.  This  new  disease  was 
very  serious  upon  rye  in  1906  and  was  surely 
prevalent  in  1907.  The  spores  are  carried 
by  adhering  to  the  seed  grain  and  can  be 
discovered  in  centrifuge  separations  of  grain 
washings.  In  rye  fields  the  anthracnose 
attacks  both  the  heads  and  the  lower 
portions  of  Xbm  culms.  The  localised  attack 
apon  the  head  (rachis)  kills  all  that  portion 
of  the  spike  above  the  point  of  attack  and  the 
grain  is  but  partly  developed.    See  Fig.  90. 

Upon  the  bases  of  the  stems,  including  the  roots,  the  fungus  develops  its  dark 
\  often  closely  packed  together  and  dotting  both  stem   and   sheaths  (see 
e).  In  1906  the  loss  of  yields  in  rye  were  from  25  to  60  percent  of  the  total  crop. 
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For  control  of  the  disease  thoroufi:h  separation  of  all  the  light  rye  kem^Ia  in 
the  seed  and  subsequent  seed  treatment  are  recommended.      (See  Bulletin  203). 


PIff.  90l  Oo  tlift  lift  kernels  of  rye  shriveled  from  an  attack  o< 
aiitteaciioae;ootlitrifbt,  Dormal,  Healthy  kemela  of  rFa*  F»om  BuUetia 
ML 

Ergot  occurs  occasionally  in  rye;  the  fungous  {Claviceps purpurea  (¥^,  )  XuL) 
attacks  the  kernel  and  transforms  it  into  a  large  club-shaped  dark  masa,  the 
ergot  of  the  druggist.  The  amount  of  ergot  is  usually  not  enough  to  be  a  aerioas 
trouble  in  our  state.  Ergotism  in  domestic  animals  is  sometimes  caused  'wben 
diseased  rye  is  fed  to  them. 

Rust.  The  species  of  rust  which  occur  upon  wheat  are  also  found  upon  rye. 
(See  wheat). 

Scab.  The  scab  (Fusartum  roseum  Lk.)  as  is  shown  by  recent  work  at  tkas 
Station  attacks  rye  almost  as  freely  as  wheat.  The  fungus  in  question  is  abown 
by  recent  work  to  be  the  same  as  that  in  wheat.  The  remedy  is  the  same  as  that 
recommended  for  anthracnose. 

Smut.  The  fungus  (UrocysHs  occulta  Wallr. )  of  stem  and  blade  smut  in  rye 
occurred  at  this  Station  in  1909.  It  attacks  the  culms,  leaves  and  leaf-slieatfas 
but  not  conunonly  the  floral  parts.  The  smutted  parts  swell  and  burst  open  in 
elongated  lines.  Seed  treatment  may  reduce  this  smut  but  hardly  prevent  it 
altogether. 

8AL8IPY 

White  Rust  (Albugo  iragopogonis  Tul.)  attacks  this  plant  and  is  sometimes 
destructive.  The  best  results  seem  to  be  promised  by  avoiding  sources  of  infec- 
tion and  by  spray  treatment. 

80RQHUM 

Bacterial  Blight  of  sorghum  is  somewhat  similar  in  its  general  appeaxanoe 
to  the  bacterial  blight  of  com  already  described,  and  is  caused  by  a  specific 
organism  (Bacillus  sorghi  Burr.)*  It  has  been  described  in  the  Kansas  Experi- 
ment Station  Report  for  1888. 

Qrain  Smut  (CynlracHa  Sorghuvulgaris  (Tul.)  Clinton)  attacks  the  seed  of 
the  sorghum  plant    The  hot  water  treatment  may  be  adapted  to  prevent  this. 

Head  Smut  (Sphacelotheca  reiliana  (Kuhn)  Clint.)  occurs  occasionally  where 
sorghum  is  grown,  but  is  less  common  than  grain  smut. 

80YBBAN  ^ 

Wilt  occurs  in  most  districts  where  soybeans  are  grown.  We  have  had  very 
few  reports  in  Ohio.  Indications  show  that  the  one  most  likely  to  occur  is  tHaa^ 
due  to  a  wilt  fungus  (Fusarium). 
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SPINACH 

ABtfmcnoM  occurs  upon  spinach  but  is  not  definitely  known  is  our  district 
Downy  Mildew.  The  downy  mildew  funs^s  (Peronospora  effusa  (Lrev. )  Rabh.) 
is  already  known  upon  lamb's  quarters  and  may  appear  upon  the  cultivated 
spinach  of  the  same  order.  It  shows  as  discolored  or  dead  spots  in  the  leaves  with 
felted,  downy  covering  underneath.  Methods  of  prevention  here  would  be  as 
for  cucumbers,  except  that  applications  could  scarcely  be  made  after  the  plants 
a.re  nearly  developed. 

In  older  trucking  districts  other  diseases  such  as  white  smut  and  scab  have 
been  reported,  but  are  not  known  to  occur  with  us  in  Ohia 

SNAP-DRAQON 

Anthracnose.  Stewart  has  described  an  anthracnose  fungus  of  snap  dragon 
(  CoUetotrichum  anHrrhini  Stew.  )•  This  attacks  the  leaves  causing  brown  spots 
and  is  at  times  serious.  It  may  be  successfully  combatted  by  spraying  with 
Bordeaux  mixture. 

Stem-Rot.  A  stei»-rot  (/%cis  iq>»)  also  attacks  the  stems  of  snap-dragon  at 
any  point  above  the  ground*  It  is  sspseially  severe  on  the  younger  or  sucker 
stems. 

The  squash  is  attacksd  by  dlsea>ffs  already  described  under  cucumber, 
namely,  anthr?>cnose,  downy  mildew  and  the  wilts.  The  remedies  are  likewise 
tbe  same. 

SOLOIf ON*8  8BAL 

I^esf  Diseases.  Solomon's  Seal  is  attacked  by  a  fungus  (Aecidium  convaL 
lariae  Schul.)  which  causes  characteristic  orange-colored  cluster  cups,  and  by 
a  leaf-spot  fungus  (PhyUasiida  cruetUa  (Kickx.).  This  latter  disease  is  liable 
to  give  increasing  trouble  in  ctdture. 

Smut.  Parts  of  this  plant  are  also  attacked  by  a  smut  fungus  (UrocysHs 
caicMici  {!&€bl.) 'RMtk.y    I  believe  this  is  rather  infrequent 

8PRUCB 

L.esf-%K>t.  Norway  spruce  in  Ohio  has  suffered  seriously  in  1906-9  from 
attacks  by  a  leaf-spot  fungus  {JPkoma  sp.).  This  fungus  causes  the  discolora- 
tion of  the  leaves  (needles)  also  their  dropping.  The  fruit  bodies  of  the  fungus 
occnr  upon  the  scales  of  the  branches  as  w^  as  upon  the  leaves  and  are  evi- 
dently capable  of  surviving  from  year  to  irear.  This  leaf-spot  or  leaf  blight  has 
t>een  reported  from  several  counties  opon  hedge  plantings,  upon  large  shade 
trees  and  upon  sizes  grown  for  Christmas  trees.  Drouth  conditions  in  1907  were 
a  large  factor  in  this  matter  causing  the  deadi  of  many  spruce  trees  in  1907  and 
1906.  It  is  believed  that  winter  and  early  summer  sprayings  will  have  some 
effect  in  checking  the  leaf  trouble.  This  experience  shows  the  need  for  mulches 
atxmt  Norway  spruce,  especially  in  the  southern  portion  of  Ohia 

Seedling  diseases  are  liable  to  prove  troublesome  thus  checking  efforts  to 
grow  seedlings  of  spruce. 

STRAWBERRY 

Aborted  Fniits.  In  certain  seasons,  and  especially  in  1908,  there  were  many 
reports  of  misshapen  and  aborted  fruits.  In  certain  cases  the  salable  fruit  T^as 
less  than  50  percent  of  the  whole.  These  misshapen  fruits  are  rarely  the  result 
of  disease,  more  often  they  are  the  indirect  result  of  imperfect  »llination.  The 
effects  of  weather  conditions  in  hindering  pollination  and  malT.ng  it  imperfect  are 
vrell  known.    Some  bright  sunny  weather  is  all  essential. 
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PIff.  91  Leaves  of  etrawbernr  ettacked  by] 
Tbe  Uffbter  centers  hsve  dark  borders.  Tbia  fundus  farms 
■scospores  in  tba  strawberry  leavea.  Prom  a  pbotogiapb  by 
T.F.  Manns. 


Anthracnoae  (  Gloeosporium  fragaricLc  Mont.)  has  been  found  upon  strawberry 

leaves  in  other  states;  it  has  given  less  trouble  than  tbe  other  foliage  diseases 

Iwith  us  up  to  this  time. 

Leaf-Spot  or  Rust  so-called 
is  the  most  serious  disease  of 
older  strawberry  leaves.  The 
leaf-spot  fungus  (Sphacrella 
fragaria  (Tul.)  Sacc)  matures 
in  the  old  leaves.  In  the 
earlier  spots  on  young  leaves 
three  forms  of  fungi  are  found, 
most  of  which  are  probably 
stages  in  the  development  of 
the  leaf-spot  fungus.  This 
disease  is  essentially  one  of 
the  season  before  the  crop  is 
injured.  Spraying  upon  new 
plantations  after  picking  any 
fruit  present  will  usually  be 
found  profitable.  The  practice 
of  burning  over  strawberry 
beds  after  picking  to  destroy 

old  leaves  and  the  fungi  upon  them,  as  well  as  possible  insects,  is  based  upon 

right  principles  and  is  commonly  successful. 

8UQAR  BBBT 

Crown-Rot  (Phoma  betae 
IVank)  has  been  discovered 
in  most  of  the  sugar  beet  grow- 
ing states  and  is  liable  to  be 
present  in  Ohio  in  the  factory 
district. 

Leaf-Spot.  The  sugar  beet, 
which  is  beginning  to  be 
extensively  cultivated  with  us, 
has  been  injured  by  the  leaf- 
apot  fungus  (Cercospora  beti" 
cola  Sacc.)  and  by  other 
diseases.  The  leaf-spot  pro- 
duces small,  dead  areas  in 
the  beet  leaves,  followed  at 
times  by  dying  ot  all  the 
leaves.  For  this  fungus  Bor- 
deaux mixture  may  be  applied 
with  confidence,  at  intervals 
of  three  weeks.  The  first 
application  should  be  made 
when  the  plants  are  about  5 
or  6  inches  high. 

Root-Rot  occurs  at  times, 
particularly  upon  beet  seed- 
lings  where  planted  in  rich  ».«.,,«  ^.  .. 
ft»     ,  .              .,         _.        .                                 Pi£.93.    Leaf- Spot  trouble  on  sugar  beet, 
^uckmg    soil.      The   fungus 
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appears  to  be  the  same  as  that  attackhi^  the  greenhouse  seedlings  of  lettuce 
tomatoes,  etc.,  (Rhizoctonia  sp.)  and  can  apparently  be  reached  only  by  similar 
iiiedx>ds. 

Beet  Scab  affects  the  roots  of  the  beet  as  the  scab  does  potato  tubers.  It  is 
thought  to  be  due  to  the  same  organisms.  It  may  be  avoided  largely  by  avoid- 
ing the  conditions  for  scab  already  mentioned  under  potato  scab.  Rotation  of 
sugar  beets  will  probably  be  required  to  escape  this  and  other  diseases. 

8WSBT  POTATO 

Bin  or  Soft-Rot  is  encountered  by  the  sweet  potato  growers.  The  fungus 
(Rkizopus  nigricans  Ehrh.)  producing^  it  may  be  present  in  the  plant  bed  and 
apparent  as  dark  spots  or  rotted  tips  on  the  plants  at  setting'.  All  such  plants 
ought  to  be  discarded  if  avoidance  of  disease  is  sought.  Some  experiments 
were  made  at  Marietta  in  1897,  to  prevent  or  reduce  this  rot,  but  without  posi- 
tive advantage  in  the  keeping*  qualities.  A  dope  or  mixture  of  6  parts  earth  to 
one  part  flowers  of  sulfur  was  dropped  in  handfuls  and  the  plants  set  through 
the  mixture  thus  bringing  it  about  the  roots  of  tne  plants  very  nicely.  Smoother 
potatoes  were  obtained  and  these  separated  more  readily  from  adherent  earth, 
but  no  better  keeping  qualities  resulted  for  that  year.  The  potatoes  were  har- 
vested, however,  during  a  wet  period  and  conditions  were  less  favorable  than  is 
often  the  case. 

Soil-Rot  {Acrocystis  BataUis  £11.  &  Hals.)  is  a  serious  disease  of  sweet 
potatoes  for  which  the  above  described  treatment  has  proved  successful  in  New 
Jersey.     (N.  J.  Exp.  Sta.  B,  126). 

Stem-Rot  (Nectria  Ipomoeae  Hals.)  attacking  the  stems  and  roots  has 
appeared  in  Ohio  sweet  potato  fields,  apparently  introduced  by  affected  seed. 
Buch  seed  should  be  avoided.    Rotation  may  also  be  necessary. 

White  Mold  or  White  Rot  {Cystopus  Ipomoea-panduranae  (Schw.)  Pari.)  is 
common  upon  the  Man-of-the-earth  and  the  wild  morning  glory  (Convolvulus 
hederaceae)  in  the  sweet  potato  districts,  but  apparently  is  not  frequent  upon 
^weet  potato  foliage. 

Black-Rot.  This  disease  of  sweet  potato  roots  shows  in  dark,  somewhat 
^^reenish  spots  of  varying  diameter.  It  causes  serious  losses  in  the  roots  and 
rom  diseased  potatoes  gives  "black  shank"  in  great  abundance  upon  the  yoimg 
plants.  The  fungus  (Ceratocystis  fimbriata  Ell.  &  Hals.)  has  been  descrit>ed  as 
a  result  of  Dr.  Halsted's  work  in  New  Jersey.  In  treatment  the  measures  are 
largely  preventive  in  the  choice  of  healthy  seed,  healthy  sprouts  and  the  sterili- 
zation of  the  plant  beds. 

8WBBT  CORN 

Bacterial  Disease  has  at  times  proved  serious  in  sweet  com  fields,  but  is 
apparently  the  same  in  character  as  that  attacking  sorghum,  broom  com  and 
field  com. 

Smut  {Ustilago  Zeae  Beckm.)  also  attacks  sweet  corn  and  where  crops  are 
g^own  consecutively  in  garden,  the  amount  is  sometimes  excessive.  The  cause  of 
it  is  the  same  as  that  of  field  com  and  the  conditions  of  control  are  the  same. 

SYCAMORE 

Anthracnose  {Gloeosporium  nervisequum  (Fckl.)  Sacc.)  is  periodically  very 
destructive  on  the  foliage  of  the  sycamore,  extending  at  times  to  the  younger 
shoots.  The  warm  wet  springs  appear  to  be  favorable  to  it;  such  was  notice- 
ably the  case  in  1908  and  again  in  1909.  The  outbreak  in  these  years  extended 
all  over  eastern  United  States.  While  the  disease  should  be  amenable  to  fungi- 
cides, it  has  been  neglected. 
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Powdery  Mildew.  The  leavea  of  the  oriental  sycamore,  which  is  planted 
largely  in  Cleveland  and  other  cities,  are  much  disfigured  hy  the  powdery 
mildew  fungus  (Microsphaera  alni  (?).  This  was  studied  hy  the  writer  in  Clefe- 
land  in  1909.  It  was  found  that  younger  trees  w^re  suhject  to  attack  hy  the 
mildew  fungus  late  in  the  season,  so  that  a  foot  or  more  of  the  tip  of  the  shoot 
was  disfigured  hy  the  mildew  and  many  of  the  leaves  were  prevented  from  full 
development.  The  fungus  does  not  complete  its  development  early,  and  up  to 
November  15th  no  spore  sacs  were  formed.  This  leaves  moderate  doubt  as  to  the 
exact  identity  of  the  fungus.  It  is  hoped  to  hold  this  mildew  in  check  by  spray- 
ing which  seems  to  be  necessary  on  younger  trees  of  the  oriental  sycamore. 

TIMOTHY 

Anthrscnose  (Colleiatrichum  cereale  Manns)occ«rs  upon  timothy  and  as  al- 
ready noted  on  blue-grass,  orchard-grass,  red-top,  wheat,  rye,  etc  The  attacks 
so  far  studied,  are  confined  to  the  culms  and  sheaths  upon  the  lower  part  of  tiie 
stems  showing  small  dark  masses  of  the  anthracnose  fungus  as  spots  upon  thenu 
This  shows  that  the  timothy  is  liable  to  carry  over  the  disease  between  the  wheat 
crops. 

Bacterial  Blight  of  Head.     See  blue-grass. 

Rust  (Puccinia  poculi/ormis  (Jzjcq,)  W)  Some  seasons  this  is  very  preva- 
lent upon  timothy  resulting  in  much  spotting  and  premature  drying*  up  of  the 
foliage.    This  was  true  to  a  notable  degree  in  Ohio  in  1908. 

Smut  {Tilletia  strii/armis  (Westd.)  Wint.)  attacks  the  blades  of  timothy  and 
produces  interesting  developments  in  them.  As  a  rule  the  amount  <A  smut  is  not 
serious.    (See  smut  of  blue-grass). 

TOBACCO 

Bacterial  Blight.  The  same  bacterium  that  attacks  potato,  egg-plant,  «tCi» 
at  times  attacks  tobacco  plants,  especially  in  the  early  development.    (See  wilt). 

Bed-Rot.  Tobacco  plants  are  often  de- 
stroyed by  damping-off  fungi;  at  times  even  the 
root-rot  fungus  may  be  present  in  the  beds. 
Owing  to  the  need  to  use  beds  several  years  in 
succession  for  plant  growing  the  same  fimgus 
which  gives  us  trouble  in  greenhouses  is  very 
liable  to  give  us  trouble  here.  In  the  old  world 
some  of  the  common  damping-off  fungi  are  re- 
ported. With  us  our  particular  bed-rot  troubles 
are  due  to  Rhizoctonia.  For  checking  this  dis- 
ease it  seems  desirable  to  treat  the  tobacco  beds 
in  late  fall  with  formalin  drench  at  the  rate  of 
2 1-2  to  3  pounds  of  formalin  to  50  gallons  of 
water;  this  to  be  applied  to  beds  at  the  rate  of 
one  gallon  per  square  foot  after  spading  up 
thoroughly  and  incorporating  all  fresh  manure 
before  the  treatment  is  applied.  The  beds 
should  also  be  fairly  moist.  After  this  treat- 
ment no  stable  manure  should  be  applied, 
although  mineral  fertilizers  can  be  used.  If  the  treatments  are  delayed  till  spring 
it  will  be  impossible  to  sow  sooner  than  two  weeks  following  this  drench.  (See 
Circular  59, 1906). 


Flff.  93.    TobMoo  plants  sbowinff 
bed-rot,  Rbimctonia. 
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Broom-Rape.  In  certain  infested  districts  in  Bro^n  county  tlM  oooimoa 
broom-rape  (Orobancke  Ludoviciana  Nutt )  attacks  the  roots  of  tobacco,  while 
in  Kentucky  the  hemp  broom-rape  ((7.  ramost^  also  occurs  even  to  a  greater 
extent  than  in  Ohio.  Nothing  can  be  done  to  prevent  these  attacks  of  this  para- 
site which  produces  ita  own  flowers  and  seeds  after  once  established.  If  losses 
are  large  it  would  be  wise  to  rotate  crops  on  infested  land  to  get  rid  of  tb^ 
broom-rape. 


.  .tf.  »•.  Roots  of  white  batter  tobsceo  plant  attacked  bF  broom-fsitt.  Badiol  tbaaa maaoes 
Sttachtfd  to  the  root  aliowabeg!nninsfl<tha  plant  which  wiU  grow  up  in  largofdcnae  form,  and  product 
an  almmtfrfiTt  of  bloaaoma  and  aeeda  but  no  leaves.  Bach  one  ol  these  must  have  started  from  a 
boried  eeed  of  the  broom-iape,  Orohanck*  Lmdoviciaua  Nutt. 

CuiiBg  House  Troubles.  At  times  tobacco  growers  have  in  very  moist  weather 
troubles  from  rotting  in  the  curing  house.  These  are  called  shed-bum,  pole- 
bum,  etc,  and  are  difficult  to  control  under  unfavorable  weather  conditions. 
Thorough  ventilation  of  the  houses  is  certainly  necessary  where  these  are  feared. 

Downy  snd  Powdery  BAildew  {Peronospora  sordidaB.  &B.)  zxid.  (Erysiphe 
communis  Wallr.)  both  occur  in  the  old  world,  but  up  to  this  time  have  not  been 
listed  in  America. 

Leaf-Spot  (Cercospara  nicoiianae  £.  &  £.)  (f%yUosticta  nicoiiima  E.  &  E.) 
occurs  in  some  tobacco  states,  but  is  very  rare  with  us. 

.  Mosaic  Disease  also  among  the  enzymatic  diseases,  is  not  very  common  upon 
tobacco,  except  in  seascms  when  the  normal  development  of  the  plants  is  inter- 
fered with  by  excessive  rains  and  water  logged  soils.  In  Connecticut  the  disease 
is  known  as  "calico,"  diseased  plants  showing  a  mottled  appearance  due  to 
the  alternating  areas  of  dark  green  and  yellowish  green  in  them;  they  ar« 


Digitized  by 


Google 


446  OHIO  EXPERIMENT  STATION:  BULLETIN  214 

veritable  mosiaca.  As  shown  a  few  years  since  by  Beijerinck,  Wood  and  otfaera, 
these  diseases  and  others  of  their  class  show  a  yellowing  of  foliage  due  to  oxi- 
dizing enzymes  in  the  leaves.  Further  as  shown  in  experiments  made  in  1904, 
(see  Bulletin  156)  at  Germantown,  this  disease  is  communicated  from  one  plaxit 
to  another  by  touching.  The  experiment  included  touching  a  succession  of 
plants  after  touching  a  diseased  plant;  these  touchings  were  sometimes  repeated. 
During  the  period  of  one  month  there  was  an  increase  of  67  percent  in  tbose 
touched  following  contact  with  diseased  plants.  This  shows  the  advantage  of 
handling  mosaic  plants  at  separate  times  from  healthy  ones. 


Pi£.  9S.  Roots  of  seedlinff  totecco  plants  from  soil  inoculsted 
with  Tkitlavia  batieola:  A.  8oU  sterilized  withformoUn  (1  to  800) 
and  B.  untreated.  After  Gilbert  BuUetin  158,  Bur.  Plant  Ind.,  U. 
8.D.A. 

Root-Rot.  IRoot-Tot  {Thielavia  basicola  Zo^t)  on  ^oh^JCQO  yrzji^  first  discov- 
ered by  the  writer  upon  plants  received  from  Clermont  county  in  1899;  since  tliis 
time  it  has  been  more  or  less   serious  during  wet  seasons.     In  the  vicinity  ol 
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Hartford,  Conn.,  notably  at  Litchfield,  this 
disease  has  been  troablesome  on  certain  soils; 
the  same  fungus  has  been  found  upon  catalpa 
seedlings  in  Ohio.  It  is  better  known  as  attack* 
ing  the  roots  of  violets.  In  all  cases  there  is  a 
blackening  and  rotting  of  the  roDts  of  seedling 
plants  where  they  are  attacked.  Thorough 
steaming  of  the  bed  soil  should  be  practiced 
where  this  trouble  comes  in,  to  avoid  transplant* 
ing  it  to  the  field.  In  the  field  as  has  recently 
been  pointed  out  by  Gilbert  and  Briggs,  the 
check  on  growth  of  tobacco  is  much  greater  in 
wet  seasons  than  in  dry  ones.  Apparently 
attention  must  t>e  given  to  the  drainage  of  the 
land  which  becomes  infected  if  this  is  to  be 
continued  in  tobacco. 

Wilt  (Bacterium  solanacearum  Erw.  Smith) 
has  occurred  frequently  in  North  Carolina  and 
has  more  recently  been  sent  to  the  writer  from 
shade  plantations  in  Florida  where  considerable 
acreage  was  lost  in  1908,  due  to  infection  through 
the  soil.  This  bacterial  disease  has  recently 
been  investigated  by  Stevens  and  others,  but  it 
is  not  believed  any  methods  of  treatment  will 
evade  the  necessity  for  rotation.  (See  Bulletin 
156  also  potato  wilt) 

White  Speck  has  been  studied  in  North 
Carolina  and  attributed  toa  specific  fungus  (Macrosporum  Tobacinum  E.  A  E.) 
Another  fungus  of  the  same  genus  has  been  accredited  in  the  same  state  as  the 
cause  of  brown-rot,  but  these  have  not  been  studied  in  Ohio. 

TOBfATO 
AntttmcDoue  {ColUMrichum phomoides  (Sacc.)  Chest)  occurs   occasionally 
upon  tomato  fruits,  causing  small  depressed  spots  in  them.    The  same  fungus 
may  at  times  attack  other  parts  of  the  plant    This  disease  seems  to  t>e  checked 
by  the  use  of  Bordeaux  mixture.    (See  also  Collar  disease). 

Bscterisl  Blight  of  the  tomato,  egg-plant  and  potato  has  already  been  men* 
tioned.  It  was  destructive  at  Mt  Carmel,  near  Cincinnati,  in  1896  (B.  73).  It 
has  since  been  locally  destructive.  It  causes  sudden  blighting  and  decaying  of 
the  stems  and  branches  attacked.  Spraying  has  as  yet  proved  useless  for  the 
blight  Preventive  measures  recommended,  include  fighting  insects,  early 
removal  of  diseased  vines,  choice  of  fresh  land  not  previously  in  potatoes  or  egg- 
plants, and  tomato  seed  from  healthy  sources.  To  date  this  disease  has  been 
less  destructive  than  the  leaf-spot 

Collsr  Disease  Vermicularia  sp.  Recently  a  peculiar  collar  disease  of  fall 
greenhouse  tomatoes  has  come  under  study.  In  this  case  the  symptoms  were  ab- 
aormal  leaf  development,  after  the  manner  of  mosaic  disease  by  artificial  inoc* 
alation.     The  collar  trouble  was  quite  noticeable. 

The  case  under  study  occurred  in  houses  that  appeared  to  be  over- watered. 
The  plants  set  very  little  fruit  and  were  not  profitable.  The  root  system  appear* 
ed  to  be  normally  developed  except  the  adventitious  whorl  of  roots  near  the  sur* 
face.  Between  these  upper  roots  and  the  root  crown  below,  the  collar  of  the  plant 


Pis.  M.  Tbe  funffiM  of  tobsceo  root- 
fttttrkitlavia  baaicpla  2,oslX  Cameni 
loddki  dmwinr  or  tbe  funros  ••  It 
occafsupon  sinaear,  tobacco  and  be- 
loaku  «  and  ^,  conidial  forma;  c,  aaoo- 
■oofca.  All  maffnifiad  S65  dlamatark 
From  s  drawiaff  by  J.  if.  VanHook. 
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is  surrounded  by  a  development  of  what  appears  to  be  a  parasitic-fungus,  a  spec- 
ies of  Vermicularia.  The  black  masses  of  the  fungus  are  also  visible  extending 
down  upon  the  root  bases  which  are  lighter  in  color.  A  similar  abundance  of 
Vermicularia  has  been  noted  on  the  dead  stems  of  potato  tops  which  have  died 
from  fusarium  blight. 

This  collar  disease  is  just  now  under  study.  We  believe  something  can  be 
accomplished  by  spraying  with  Bordeaux  mixture  about  the  base  of  the  plants. 
Certainly  g^od  will  come  by  withholding  excess  water.  This  case  of  disease 
was  described  where  fusarium  blight  and  mosaic  disease  also  prevailed.  The 
fern-like  leaf  development  is  ascribed  to  the  presence  of  the  mosaic  disease.  The 
association  of   the  two  diseases  may  be  casual. 

Leaf  Mold  (Oadospartufn  (f)  fulvum  Cooke)  is  a  common  trouble  in  tomato 
forcing-houses  in  the  fall  or  near  the  close  of  the  season.  It  produces  spots  in  the 
leaves,  while  beneath  they  are  covered  by  the  grayish-brown  mold  fungus.  The 
fungicides  heretofore  recommended  for  use  in  the  greenhouse  are  available  for 
the  tomato  leaf  mold. 

Leaf-Spot  or  Lea^Bl]ght  is  an 
6utdoor  trouble,  as  is  anthrac- 
hose.  The  leaf-spot  fungus  (Sep- 
foria  Lycopersici  Speg.)  appears 
to  be  gradually  traveling  west- 
ward from  the  Atlantic  coast, 
^here  it  first  appeared  several 
years  ag^.  During  1896  it  was 
locally  disastrous  over  the  whole 
of  Ohio,  and  again  during  1900 
&nd  1909.  It  may  be  successfully 
prevented  by  about  three  thor- 
ough sprayings  with  Bordeaux 
mixture,  though  some  difficulty 
attaches  to  the  treatment  of  un- 
staked  tomato  plants  in  the  field. 
(Bulletins  73,  89,  105). 
'  Mosaic  disease  attacks  the  to- 
mato under  conditions  similar  to 
those  giving  trouble  to  cucumb- 
ers, tobacco,  etc.  It  is  believed  we 
have  a  mosaic  disease  analogous 

to  that  in  tobacco  and    that    the  '*«•  ^'   Tomato  leaflet  and  stem  attaclcMl  by  leaf. 

,  •    i.  Ji  ^    -u      ^1.         "PO^  Thia  cauaea  dying  of  the  leavca  in  ahowery  aeaaona 

r.emedy   is   pointed    out    by  the 

fact  that  the  disease  may  be  transmitted  by  touching  first  diseased  and  then 
healthy  plants. 

The  symptoms  of  the  ordinary  type  of  the  disease  are  the  alternation  of 
darker  green  and  yellowish-green  color  in  the  leaves;  this  makes  the  plants  con- 
spicuous under  ordinary  circumstances.  In  1909  with  cases  under  glass,  where 
the  collar  disease  appeared  to  be  associated,  abnormal  leaf  forms  were  observed 
without  very  apparent  intermixing  of  yellow  areas  in  the  leaves.  The  actual 
leaf  forms  suggested  the  name  of  fern-leaf  trouble.  In  these  specimens  the 
intemodes  of  the  plants,  the  stems  of  the  compound  leaves  and  the  petioles  of 
the  leaflets  were  all  elongated;  the  leaf -blades  were  narrowed  at  times  to  mere 
borders  along  the  mid-ribs.     Gradations  were  also  found  between  these  extreme 


Digitized  by 


Google 


DISEASES  OF  CULTIVATED  PLANTS  449 

forma  and  the  normal  leaves.  Recent  investigations  by  Westerdijk  show  the 
disease  to  be  distinct  from  the  mosaic  disease  of  tobacco  though  doubtless  ana- 
logous; the  modified  leaf  forms  were  obtained  by  artificial  inoculations  both  b^ 
Westerdijk  and  in  the  Pathologium  of  this  Station  by  Manns. 

Nematodes  may  be  very  injurious  to  tomatoes  g^wn  imder  glass.  They 
cause,  as  on  cucumber  plants  attacked,  gall-like  enlargements  on  the  smaU 
roots  of  the  tomato.  Previous  soil  treatment  to  destroy  the  nematodes  is  the 
remedy  in  this  instance,  as  in  the  other.  It  will  usually  occur  that  tomato 
plants  are  less  susceptible  to  injury  by  nematodes  than  are  cucumbers  and 
melons. 

Point  Rot  of  green  tomatoes,  especially  in  the  forcing-house,  is  often  the 
most  serious  trouble  with  which  the  tomato  grower  under  glass  has  to  contend. 
It  was  stated  in  Bulletin  73  that  this  trouble  was  observed  to  be  most  destructive 
incases  of  scant  water  supply  in  the  soil.  This  observation  was  again 
confirmed  by  the  Horticultural  Department  of  the  Station  during  the  season 
of  1899.  The  trouble  was  checked  by  abundant  and  careful  watering,  even 
when  it  had  been  very  bad,  and  was  again  produced  by  withholding  wa^er  and 
allowing  the  plants  to  dry  out.  The  cause  appears  to  be  largely  due  to 
conditions  of  drouth,  and  while  other  causes  than  the  one  just  stated,  notably  a 
certain  bacterium  does  join  to  produce  point  rot,  none  other  appears  so  under 
control  as  water  conditions.  The  remedy  lies  of  course,  in  the  avoidance  of 
drouth  from  which  the  rot  may  indirectly  result. 

Root-Rot  or  Rosette  occurs  frequently  in 
greenhouses  where  tomatoes  are  grown  fol- 
lowing crops  of  lettuce.  The  fungus  produces 
various  effects  which  are  commonly  damping 
off  of  the  youngs  seedlings  or  collapse  of  the 
older  ones;  recently  a  basal  constriction  of  the 
stem  of  mature  plants  is  traced  to  Rhizoctonia. 
In  this  case  wilting  of  plants  resulted.  It 
seems  to  be  propagated  under  greenhouse 
conditions  where  much  org^anic  matter  is  used 
and  calls  for  soil  disinfection  through  steaming 
or  formalin  drench  as  described  elsewhere 
under  lettuce  and  under  soil  diseases.  In 
older  plants  the  symptoms  are  shortened 
development  of  the  axis  giving  effects  similar  to 
that  in  lettuce.  ^   Fi^.  9$.    Stems  of  yoang  gnnk* 

Sderotium  Blight.  This  is  a  wilt  disease  bouse  tomato  pUnte  damped  off  from 
first  reported  by  Rolfs  from  Florida   but   it   is     •«**^  "^  "Rhisoctonia."      Prom  s 

▲  .       i^«_.  1^  riM.      ^     ^    photograph  by  T.  P.  Manns, 

now  present  m   Ohio  greenhouses.      The  first 

symptom  is  wilting  of  terminal  portion  of  plant.  The  dead  plants  and  dis- 
eased portions  shows  in  them  sclerotia  of  the  fungus  which  causes  the  trouble. 
These  are  of  the  size  of  mustard  seed  or  smaller,  at  first  milk  white  and  finally 
mahogony  red  to  black.  Sometimes  these  sclerotia  grow  together  in  anvil- 
shaped  masses.    Burning  diseased  plants  is  advised. 

Wilt.  A  wilt  {FusariufH  sp)  of  tomatoes  in  addition  to  that  described  under 
bacterial  disease  has  been  discovered  recently  in  greenhouses  in  Ohio  as  well  as 
Otbtr  states.    It  is  due  to  a  fHisariiun. 
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Fig.  99*  Tomato  fniits  with  browned  and  diMMtd  vols  In  them. 
This  form  of  dluMi  noults  from  Fonriom  Wnt  of  tbe  plants;  alio 
probablFfrom  Bacterial  wot.    From  n  pbotocnph  by  T.  P.  Manna. 

The  symptoma  of  this  wilt  are  rather  characteristic  It  may  attack  plaata 
either  vigorous  or  of  slow  development.  Commonly  the  first  s3rmptom  noticed  la 
the  yellowing  and  drying  up  of  the  lower  leaves.  Soon  dark  areas  appear  in 
the  stem  and  also  in  the  fruits.  At  all  stages  cross  sections  show  darkening  d 
vessels.  The  roots  become  darkened  and  watery  in  the  region  of  the  vfuseli. 
Eventually  the  top  of  the  plant  wilts  and  the  leaves  die  both  above  and  below, 
while  the  fruit  has  become  worthless.  We  believe  this  to  be  a  soil  infesting  dis- 
ease that  should  be  controlled  by  thorough  soil  sterilisation. 


FU.100.    Similar  frato  €l  fisan  taourtoaa  wotiad  br  elfcets  of  bBiM  la  1 
In  188S.    From  Bulletin  No.  TS. 
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TURNIP 

Bbidc-Rot.    The  same  bmefeeritim  attacks  tnmipa  as  cabbage,  eaalillower 

i  other  mustards;  tiie  diseased  roots  show  blackening  d  tiie  parts  wi^  final 
decay. 

<^b-Root.  This  fungus  organism  {Ptasmodiophora  Brassicae  Wor. )  Infests 
fhe  roots  of  many  cultiyated  mustard  plants,  including  the  turnip,  radisl^ 
rutabaga,  etc.    The  treatment  is  tlie  same  as  stated  under  catDage. 

Downy  Mildew  (Peranospara  parasitica  (Pers.)  De  Qy.)  sometimes  occurs 
attacking  turnip  plants. 

VBRBBNA 

iflklew.  Cultivated  ferbenas  are  attacked  by  tiie  mildew  Erysipke 
CUkoracearufH  D  C)  which  is  so  common  on  the  wild  Terrains.  It  is  to  be 
treated  as  other  powdery  mildews,  by  spraying  with  fungicides. 

VBRONICA 

JjtMi  Diseases.  Cultivated  species  of  veronica  are  attacked  by  several  leaf 
diseases,  which  have  been  imperfectly  studied.  Perhaps  tiie  most  common  of 
tbeae  is  due  to  the  typical  leaf-spot  fungus  {Septoria  veronicae  (Rob).  There 
are  other  parasitic  species  which  attack  the  genus,  including  a  downy  mildew 
and  arust. 

VBTCH 

Spot.  A  spot  disease  (Protocoronospora  nigricans  Atk.  and  Bdg.)  has  been 
described  as  new  from  New  York. 

The  Wilt  of  Vetch  similarto  that  of  soy  beans,  cow  peas  and  cotton  has  also 
been  described. 

vmcA 

Leaf-Spot.  The  large  flowered  vinca  is  occasionally  disfigored  by  a  leal* 
spot  (Sphaeropsis  vincae  Sacc)  which  may  also  develop  as  a  stem  disease.  It 
Ikaa  not  been  studied  carefully  with  us. 

VIOLBT 

Leaf-Spot  and  Lesf  Blifi^  (PhyliosHcta  Violae  Desm.  and  C^rcospcra  Violas 
8aoc)  are  sometimes  prevalent,  and  with  downy  mildew  of  violet  should  yield 
to  spraying  with  fungicides. 

Nemstodes  of  violets  are,  on  the  other  hand,  not  amenable  to  spray  treat- 
ment. The  parasite  in  the  case  is  the  same  as  named  under  cucumber 
nematodes,  likewise  its  effects.  Soil  treatment  will  also  be  effective  in 
prevention  here. 

Root-Rot.  Root-rot  (Thielavia  dasicola  Zopf.)  has  not  been  reported  as 
troublesome  by  greenhousemen  in  Ohio,  but  it  is  scarcely  possible  it  can  be 
entirely  lacking  when  the  disease  occurs  upon  tobacco  and  catalpa  in  fields. 
The  blackening  and  rotting  of  the  roots,  due  to  the  ftmg^s,  will  impair  the 
developmentof  the  plants  and  the  flower  growth  seriously.  It  does  not  seem 
possible  that  anything  short  of  sterilizing  the  soil  and  starting  new  plants  will 
ckeck  the  root-rot  where  once  established. 

VmOXNIA  CRBBPBR 

Lesf-Spot.  The  leaves  of  virg^inia  creeper  are  frequently  curiously  spotted 
by  a  leaf-spot  fungus  {PkyllosHcta  labruscae  Thum.)  which  gives  dying  spots  with 
colored  border.  This  leaf-spot  is  also  very  common  upon  the  Japan  creeper 
and  is  identical,  according  to  recent  reports,  with  the  leaf-spot  of  tiie  grape; 
indeed  we  have  a  large  number  of  the  well  known  diseases  of  the  grape  at- 
tacking the  Virginia  creeper.  These  include  anthracnose,  which  mav  Ka 
distinct,  tlie  black-rot  fungus,  of  which  this  Phyllosticta  may  be  r  «€age  ana 
possibly  others.  This  would  be  especiallr  true  la  tte  v^^t^ity  of  cultivated 
grafoviaes. 
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WAXJIUT 

Anthracnooe  or  Leaf-Blight.  The  leaves  of  walnut,  aa  well  as  the  learea  Ok 
butternut,  are  attacked  by  an  anthracnose  fungus  {Marsonia  juglandis  Sacc  ) 
which  in  common  with  other  anthracnoses,  is  capable  of  serious  injury  to  the 
leaves  of  these  trees.  It  is  believed  that  this  fungus  will  be  held  in  <^xeck  by 
sprays. 

Leaf-Spot.  The  walnut  is  also  attacked  by  other  leaf  fungi  producing-  leaf 
spots,  but  these  have  not  been  investigated  by  us  in  Ohio. 

Bdildew.  The  same  powdery  mildew  which  attacks  a  variety  of  trees 
{Mycrosphaera  alni  DC.)  also  attacks  the  leaves  of  walnut,  growing  over  and 
fondling  a  mildew  covering^. 

WATBRMBLON 

With  the  possible  exception  of  the  wilt  disease  and  the  leaf-spots,  the  diseases 
of  the  watermelon  are  the  same  as  those  which  attack  cucumbers  and  musk* 
melons.  They  include  anthracnose,  downy  mildew  and  leaf  blight.  The  leaf -spot 
of  the  watermelon  is  referred  to  a  distinct  fungus  (Cercospora  citruUina  Cke.) 
though  its  ravages  are,  possibly,  not  general.  (See  Bulletins  73, 89,  105).  In 
the  treatment  of  watermelon  vines  it  is  advisable  to  use  the  more  c  •  <tte  Bordeaux 
mixture,  Bordeaux  II,  of  the  calendar. 

WHBAT 

Anthracnose  (CoUetotrichum 
cereaWhU^xmsk).  In  1907  centrifuge 
examinations  were  made  by  the 
Assistant  Botanist  showing  the 
presence  of  anthracnose  spores  in 
the  washings  of  shriveled  wheat 
samples.  The  disease  was  dis- 
covered in  the  fields  generally  ov- 
er Ohio  in  1908  and  has  recently 
been  described  in  Bulletin  203. 
This  anthracnose  is  certainly  the 
cause  of  shriveling  in  wheat.  It 
appears  to  be  the  obscure  trouble 
sought  for  some  years  by  the 
writer.  In  common  with  other 
anthracnoses  it  develops  as  ma- 
turity approaches  and  on  wheat 
it  attacks  the  lower  portions  of 
the  stems  and  sheaths  resulting 
in  apparent  whitening  of  the 
spikes  with  decided  shriveling  of 
the  grain.  The  fungus  may  be 
detected  by  the  color  changes  in 
the  field  and  by  the  dark  spots 
appearing  on  the  sheaths  and 
stems  where  attacked.  It  is  be- 
lieved that  thorough  separation 
of  shriveled  grain  by  recleaning 
seed  wheat  and  treatment  of  seed 
wheat  with  formaldehyde  drench 
will  be  favorable  to  keeping 
down  the  amount  of  anthracnose. 
It  is  admitted  that  the  presence 
of  the  fungus  upon  grasses  and 


Piff.   101.     Culms  of  wheat  with  both  i 
sheaths  sttacked  by  anthracnose.   The  dark  spots  «rs 
caused  by  the  fungus.    From  Bulletin  20S. 
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opon  other  cereals  increases  the  danger  of  its  being  carried  over  in  rotation.  (See 
rye,  oats,  timothy,  also  Bulletin  203.) 


PUr*  Itt.  This  allows  on  tbt  left,  wheat  ehriveled  by  anthmcooee  afttscke 
of  tbe  plaata;  on  tbe  lirht  normal  baaltby  kernels  of  wheat  of  tbe 
From  Bulletin  MS. 


Blsdo-Spot  or  Lesf-Spotting  has  occurred  upon  wheat  in  considerable  extent 
In  Station  plots  during  the  last  year  or  two*  Small  areas  were  killed  by  the 
fungus  and  this  leads  to  somewhat  premature  dying  of  the  leaves  This  leaf  dis- 
ease calls  for  further  investigations. 

Qiain  Disesscs,  It  must  be  remembered  that  an- 
thracnose  and  scab  are  both  in  a  sense  grain  troubles. 
They  cause  shriveling  and  loss  of  quality  in  the 
grain.  In  addition  a  fungus  {Alteraria  l  i.)  causing 
dark  spots  in  wheat  kernels  has  been  found  by  this 
department.  Scab  must  also  be  included  here  since 
the  parasite  attacks  the  wheat  kernels. 

Pbwdeiy  Bfikiew.  This  whitish  fungus  {Erysiphe 
graminis  DC.)  also  appears  upon  leaves  of  wheat 
plants*  Usually  it  is  of  small  importance  in  Ohio 
but  of  much  interest. 

It  attacks  wheat  both  in  pot  cultures  under  glass 
and  in  outdoor  growth.  In  both  cultures  the  conidial 
development  of  the  fungus  is  very  troublesome  invad- 
ing the  older  leaves  and  causing  premature  death.  In 
the  field  the  consequences  are  usually  not  studied, 
but  the  perithecia  of  the  fungus  are  often  found  upon 
straw  blades  and  other  parts  that  have  been  invaded. 
It  is  clear  that  the  fungus  cannot  be  beneficial  to  the 
development  of  the  grain  in  attacked  plants. 

Scsb.  The  scab  disease  (Fusarium  roseum  Lrk) 
has  been  again  investigated  and  the  results  published 
in  Bulletin  No.  203.  It  has  been  found  that  the  same 
scab  fungus  attacks  also  rye,  emmer,  oats  ard  spelt, 
producing  the  various  effects  upon  these  grains.  On 
all  attacked  heads  in  wheat  the  portion  diseased 
shows  reddish  or  pink  covering  with  the  fungus  and 
the  part  of  the  spike  above  this  is  killed.  Of  course, 
all  kernels  contained  in  that  part  are  much  shriveled 
and  are  commonly  invaded  by  the  scab  fungus.  In 
addition  a  recent  study  showed  that  many  various 
sized  kernels  of  wheat  are  infested  with  this  fungus 
internally,  although  still  capable  of  starting  to  grow 
and  making  a  new   plant.      Investigations  made  in 


Fi£.  103.  Wheat  spike 
attacked  by  acab.  The  upper 
portion  of  the  head  laehrunken 
and  haa  been  kUled  by  the  pink 
funffua. 
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culture  diahes  and  grr^^n^ouse  recently,  show  that  the  fungus  surrives  in  fhs 
old  dead  seeds  as  well  as  in  some  capable  of  germination  and  attacks  th* 
seedling  wheat  plants  during  the  first  month  of  their  g^rowth.  In  the  con- 
tinuous wheat  plots  of  the  Station  it  was  found  that  nearly  6  percent  of  tbm 
plants  were  killed  off  in  the  unfertilized  plots  during  1907;  the  fertilized  plots 
show  a  g^ood  deal  less  and  the  rotation  plots  a  great  deal  less  (see  Bulletin  203). 
Not  only  may  the  fungus  survive  in  its  perithecial  form  upon  wheat  heads,  straw 
and  dead  scab  grains,  but  it  may  survive  in  grain  capable  af  germination  as 
well  as  in  the  soil.  See  pages  334-3S5.  Recent  studies  of  diseases  of  clover  and 
alfalfa  seem  to  show  that  this  same  fungus  is  the  cause  of  serious  clover  and 
alfalfa  sickness.  It  would  thus  appear  to  be  carried  over  through  rotations  of 
clover,  etc.  The  best  method  of  handling  appears  to  be  recleaning  seed  wheat  and 
getting  out  all  shriveled  kernels  which  are  often  scab-infested  as  well  as  all  under 
sixed  kernels  thus  evading  a  large  share  of  the  infection  in  seed  wheat 

^Dedllng  Blight.  The  seedlings  of  wheat  are  killed  off  by  the  attacks  of  tiie 
scab  fungus  which  is  transmitted  in  the  seed  as  well  as  in  the  soil  devoted  to 
continuous  wheat  culture.    (See  scab  above,  also  Bulletin  203.) 


FIff,  104,  On  left,  healthy  nonnel  kernels  of  wbent;  on  the  tigUt. 
above  kernels  injuxed  by  scab  which  will  not  germinate—below  bar- 
Dels  injorsd  by  weavil.    Prom  Bulletin  203. 
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Loom  Soiot.    This  is  a  •mut  fnninis  (UsHlago 

Triiici  Jensen)  which  conveits  grain  and  glumes 

into  a  sooty  mass   of    spores.      These   heads   of 

loose  smut  are  most  ohvious  at  the  hlossoming  of 

the  wheat.      The   disease   is    worse   on  certain 

Tarieties  of  wheat.    It  may  be  prevented  by  the 

modified  hot  water  treatment  as  per  calendar. 

Rust.     While  essentially    the    same    to     the 

ordinary  observer,  the  wheat  rust  is  produced  by 

two  rust  fungi   (PUccinia  graminis    Pers.    A   P. 

rubtgo-vera  D  C).    Only  the  last  named  passes  the 

winter  in  the  wheat  plant.      Both  have  the  light 

red  and  the  black   (dark)    stages   and    are   very 

damaging  under  conditions  which  favor  the  rust. 

In  Europe,    Australia,     and    California    wheat 

growers  hope  to   select    rust    proof   varieties   of 

wheat.     Recently  in  England  quite  an  impetus 

has  been  given  to  wheat  breeding  by  the  work  of 

Biffen  upon  resistant  varieties  of  wheat.      This 

resistance  applies  in  the  English  studies  not  only 

to  rust,  but  to  some  other  features.    The  matter  of. 

resistance  is  the  hope  of  rust  prevention.      (Bee 

Bulletin  97.) 

Stinking  Smut  of  wheat  is  caused  by   a  still 

more  destructive  smut  fungus,     ( TilUHa  foetens 

BAG)  which  converts  the  kernels  of  wheat   into 

dirty,  stinking  mass- 
es of  spores.  These, 
if  abundant,  ruin  the 
flour  and  render  the  wheat  valueless  for  human 
food.  At  times  40  percent  of  the  wheat  is  thus 
destroyed  and  the  losses  from  it  are  often  very 
large.  Recent  investigations  have  established 
that  this  smut  is  caused  by  the  smut  spores  sown 
with  the  seed  grain.  If  the  smutty  seed  wheat  is 
treated  with  a  fungicide,  such  as  bluestone,  hot 
water,  formalin,  etc.,  which  will  destroy  these 
spores  without  injury  to  the  grain  and  the  treated 
seed  is  then  prevented  from  subsequent  infection, 
dried  and  sown,  a  clean  crop  may  be  grown  from 
smutted  seed.  For  details  of  treatment  see  calen- 
dar and  Bulletin  97,  which  treats  of  the  diseases 
of  wheat. 


imut.        TiMM    •mut 
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See  Pine. 
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ADDENDUM 

Com,  Root-Rot,  (Fusarimm  sp.)*  Recently  the  Department  has  made  pre- 
liminary studies  of  a  root-rot  of  com  attributed  to  a  species  of  Fusarium  of 
similar  behavior  to  the  scab  of  wheat,  potato  fusarium  and  cabbage  wilt,  in 
tliat  the  parasite  appears  to  survive  in  the  affected  soil,  as  well  as  elsewhere. 
From  Fayette  county  comes  the  report  of  diseased  com  roots  in  patches  where 
the  stalks  blow  over  easily,  and  rarely  form  mature  ears.  Roots  of  such  plants 
are  partly  killed  and  thus  weakened.  At  present  we  can  only  advise  rotadon  of 
crops.  More  knowledge  is  needed  with  all  this  type  of  soil  infesting  diseases. 

Raspbeny,  Csne  Blight  (Kew  York).  In  reference  to  cane  blight  conditions, 
page  437,  this  specific  disease  described  by  Stewart  (Bui.  226,  N.  T.  A^ric 
Expt.  Sta.,  1902)  wa^  not  mentioned.  Stewart  identified  the  disease  on  speci- 
mens sent  to  him  from  Ohio  in  1902.  Recently  other  specimens  have  been  received 
from  Cuyahoga  and  Wood  counties.  The  earlier  reference  to  cane  blight  forms 
indicates  how  serious  the  raspberry  condition  is  in  Ohio.  The  parasite  causing 
the  disease  is  Coniothyrium  Fuckelii  Sacc  The  fungus  attacks  the  plants  kill- 
ing and  discoloring  the  bark  and  wood,  thereby  causing  wilting  of  bearing 
canes,  and  the  ultimate  death  of  the  parts  that  have  been  attacked.  The  foliage 
on  affected  canes  wilts  suddenly  and  becomes  dry.  The  whole  cane  may  be 
involved,  or  only  a  part  of  it*  At  times  a  single  branch  is  killed,  while  the 
remaining  cane  continues  apparently  normal.  It  is  feared  that  this  disease  is 
very  common  in  our  unprofitable  raspberry  plantations  in  Ohio.  The  disease  is 
doubtless  disseminated  in  plants  from  diseased  plantations,  and  by  the  ordinary 
agencies  of  wind,  rain,  etc  Naturally  the  dissemination  by  these  last  two 
agencies  is  local.  Preventive  measures  will  include  healthy  plants,  planting 
on  new  uninfected  land  and  a  prompt  cutting  out  and  burning  of  old  canes  after 
fruit  is  gathered.     Stewart's  work  indicates  inconclusive  results  from  spraying. 
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LITBRATURB  OF  PLANT  DISEASES  REFERRED  TO 
IN  THIS  PUBUCATION 

OBNBRAL  WORKS 

1  DxraOAB,B.  M.    PimcoasdteeaflM of  plants.    SOSpp.Ginn  A  Co.,New  York,«te.,im. 

5  Fkahk,A.B.    Dte  KrankhHtfW  der  Pflanaen,  {TUmcmmm  of  PUnta)  1, 1  and  i*  pp.  JiA,  g74  and 
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4  yiABsaa,  G.    Text-book  of  plant  diseases.  406  pp.  The  MacMlllan  Co. ,  New  York,  1907. 
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OBBpp.  Lonffmans.  Green  A  Co.,  London  and  New  York,  1807. 
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10  WABSk  H.  Mabsbaix.  Disease  in  planU.  309  pp.  The  MacMlllan  Co.,  N.  Y.,  1901. 

WORKS  APPLYING  TO  PARTICULAR  ARBAS 

n   FUBMAir,  B.  M.    Minnesota  plant  diseases.  432  pp.  St.  Paul,  1906. 
n   Halstsd,  B.  D.    Reporta  and  Balletlns  New  Jersey  Affr.  Exp.  Sta.,  1869-1906. 
13*  acLBT.A.D.    A  condensed  handbook  of  diseases  of  cnltWated  pUnU  in  Ohto.    Bui.  Ohk>Affr. 
Exp.  Sta..  181:1.69, 1900. 

14  Smith,  Rai,ph  B.    Reports  of  the  Plant  Pathotorist  (Calif.)  1908-1909.  Bute.  Itl  and  888:  Affri . 
Bzpt.  Sta..  Berk^y.  Calif. 
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16  Stbvbnb,  F.  L.  and  Hall,  J.  G.    Notes  on  plant  diseases  occnrrlnff  In  North  Carolina.  Rept. 
N.  C.  Expt.  Sta.,  1888:66^ 
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M».  Agr,  Bspt.  Sta.. 88: 1900. 8Jtit8. 

NAMING  PLANT  DI8BASB8 

Sea  General  and  Local  works  listed  abore. 

20  Obtom.  W.  a.  Plant  diseases  in  the  United  States  In  1907.  Yearbook  U.  8.  D.  A.  1987: 677486. 

21  8tbvbib,F.  L.  Common  names  for  plant  diseases.  Science  N.  S.  XXXI:  747.  1910  (May  18). 
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DI8BA8B  RB8I8TANCB  IN  PLANTS 

S8  Gbbbm^  W.  J,  and  Waid^  C.  W.  Potato  iuTestlffatkms.  The  early  and  late  blight  and  bow 
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84  OtntMM,  W.  A.  Derekipment  of  farm  crops  resistant  to  disease.  Yearbook  U.  S.  D.  A.  1086: 
A464. 

25  Obtor,  W.  a.  and  Wbbbbs,  H.  J.  A  oowpea  resistant  to  rootJmot.  BuL  Bur.  PI.  Ind.  U. 
S.  D.  A.  17:86pp.  1902. 
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BfBTHODS  OF  INOCULATION  FROM  CULTURES  OF  PARASITIC  ORGANISMS 
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PLANT  DI8BA8B8  TRANSIilTTBD  IN  THB  8BBD 
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See  also  nnmber  OB  above. 
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70  Smith,  E.  F.    The  root-rot  of  peach.  Joom.  Mycology.  T:  377;  180i. 
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WOUNDS  AND  WOUND  PARASITES 
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fQ  PiCKBxnio,  U.  Bordeaux  mixture  (Chemical  composition)  Jour.  Chem.  Soc.  London.  Vols. 
XCI.  XCn;  1907: 19882001. 

84  Scott.  W.  M.  Sell-boiled  lime^ulfur  as  a  promisfaiff  fungicide.  Cir.  Bur.  PI.  Ind.  U.  S.  D. 
A.  1: 1-18;  1906. 

86  Scott,  W.  M.  The  substitution  of  lime-sulfur  preparations  for  Bordeaux  mixture  in  the  treat- 
ment of  apple  diseases.  Cir.  Bur.  PI.  Ind.  U.  S.  D.  A .  14: 1-16;  1910. 

86  ScoTT^  W.  M.  Ume-sulfur  mixtures  for  the  summer  sprajrinff  of  orchards.  Cir.  Bur.  PI. 
Ind.  XT.  S.  D.  A.  17: 1-17;  1900. 

87  Sblbt,  A.  D.    Tiro promisinir  fungicides.  Cir.  Ohio  Ajrr.  Expt.  SU.  97: 6-8;  1908. 

88  Sblby,  A.D.  andHiCKB,  J.  F.  Soda-Bordeaux  mixture.  Bui.  Ohio  Agr.  Expt.  SU.  199: 
85^1902. 

89  SwmoLB*  W.  T.  Bordeaux  mixture:  Its  chemistry,  physical  properties  and  toxic  effects. 
Bol.  DiT.  Veff.  Phys.  and  Path.  U.  S.  D.  A.  9:1-37;  1896. 

90  Waits,  M.  B.  Fungicides  and  their  use  in  prerentinff  diseases  of  frulto.  Farmers  Bui.  U.  8. 
D.  A.  919: 1-32;  1906. 

DISEASES  OF  POME  FRUITS 

91  AzxwooD,  W.  B.  Ripe-cot  or  bitter-rot  of  apples.  Bui.  Vh-fffaiia  Ajrr.  Expt.  SU.  49: 69-82;  1894. 
98    AXTHUS.  J.  C.    Report  of  BoUnist.  Tept.  N.  T.  Affr.  Expt.  GU.  9:  (1884)  351-386;  1886. 

83  AxTBUB,  J.  C.  Histology  and  biology  of  pear  bliffht.  Proc.  PhU.  Acad.  Nat.  Sd.  1999: 
922441. 

94   Buom,  Jos.  C.    Bitter-rot  of  apples,  Horticnltnrai  iuTestiffations.  Bui.  111.  Expt.  SU.  UTr 

3tl997. 
0  BmnOLi^T.  J.    Bittw^otof  apples.  Bui. in.  Expt.  8U.  17: 961466;  1902. 
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&6   BuRRiLU  T.  J.    Bitter-rot  of  apples.    Botanical  ioTettiffatkHiA.  Bui.  111.  Bzpt.  8tm.  ItSsQA 
006;  1907. 

97   BuRRiLU  T.J.    P^r  bllffbt.    Trans.  lU.  State  Hort.  See.  U77: 114;  It^:  80. 

96   BURRILL.T.  J.    Pearbliffht.    Proc.  Am.  Assn.  AdT.  Sd.  29:683:1880. 

99    Clinton,  Gbo.  P.    Aifple  rots  in  lUinois.  Bui.  lU.  Bxpt.  Sta.  99: 189-224;  1902. 

100  Dbtmbrs,  F.    Apple  scab.    BuLOhio  Affr.  Bxpt  Sta.  Vol.  IV,  No.  9: 187-192;  189L 

101  Halstbd.  B.  D.    The  black-rot  of  the  quince.  Bui.  N.  J.  Affr.  Bxpt.  Sta.  91: 8-10: 1892. 

102  Hassblbrino,  H.    Canker  oI  apple  trees.  Bui.  lU.  Bxpt.  Sta  70: 22&-239;  1002. 

103  LoDBMAN,  B.  6.    The  sprayhiffs  of  orchards.    Bui.  Cornell  Affri.  Bxpt.  SU .  99t  47-74, 1896. 

104  Paddock,  W.    The  New  York  apple  tree  canker.  Bui.  N.  Y.  Affr.  Bxpt.  Sta.  189: 179-261, 109Ot 
also  181: 20&-213: 1900. 

106   ScHRBNK,  H.  VON.  and  Spauldino,  p.    The  bitter-rot  of  apples.    Bui.  Bur.  PI.  Ind.  U.  S. 
D.  A .  44: 1-29: 1903.    Contains  complete  Uterature  list. 

106  Scott,  W.  M.    Thecontrol  of  apple  bitter-rot.  B^l.  Bur.  PI.  Ind.  U.  S.  D.  A.  91: 1-36: 1906. 

107  Scott,  W.  M.  and  Rohrbr,  J.  B.  Apple  leaf-spot  caused  by  Sphagropsia  maiormm,  Bnl.  Bur. 
PI.  Ind.  U.  S.  D.  A.  121: 46M;  1906. 

108  Sblbt,  A.  D.    Bitter-rot,  sooty  and  fiy-speck  fungus  on  apple.    Bnl.  Ohk>Agr.  Bxpt.  Sta. 
79: 133-136;  1897. 

106   Sblbt,  A.  D.    Fall  and  early  winter  injuries  toorchard  trees  and  shrubbery  by  freesinff .  Bal. 
Ohio  AffT.  Bxpt.  Sta.  102: 129-148;  1906. 

110  SouTHWORTH,  B.  A .    Rlpe-rot  of  grapes  and  apples.    Jour,  of  Mycotogy.  1: 164-173: 1891 . 

111  Sturois»  W.  C.    Ripe-rot  or  bitter-rot.  Bui.  Conn.  Agr.  Bxpt.  SU.  Ill:  1-6: 1892. 

112  Taft,  L.  R.    The  ripe-rot  or  bitter-rot  of  the  apple.   {Glotosporium  frmciigntmm  Bittk')  "RaJL 
Mfch.  Agr.  Bxpt.  Sta.  121: 21, 4ft47;  1896. 

113  Waitb,  M .  B  .    Treatment  of  pear  leaf-bli«ht  in  the  orchard .  Jour.  Blyool. ,  7: 33a-S38, 1894. 

114  Waitb,  M.  B.    Cause  and  prevention  of  pear  blight.  YeailMOk  U.  S.  D.  A .  1986: 296-309. 

116   Whbtcbll,  H.  H.    The  blight  canker  of  apple  trees.  Bui.  Cornell  Unlrersity  Bxpt.  Sta.  M 
"06.188: 1907. 

DX8BA8BS  OP  8TONB  FRUITS 

116  Akthuk,  J.  C.    Plum-leaf  fungus.  Rept.  N.  Y.  Agr.  Bxpt.  Sta.  6: 296-296;  1889. 

117  Atkinson,  6.  F.    Leafxurl  and  plum  pockets.    Bui*  Cornell  UniT.  Agr.  Bxpt.  Sta.  TfeSIS- 
958. 

118  Bbach,  S.  a.    Plum  leaf-spot;  Cherry  leaf-spot  and  fruit-rot.  Buls.  N.  Y.  Agr.  Bxpt.  Sta. 
91: 1-31, 1896;  117: 132-161 ,  1897. 

119  DuooAR,  B.  M.    Peach  leaf-curl.  Bui.  ComeU  Agr.  Bxpt.  Sta.  161: 371-388;  1809. 

120  Farlow,  W.  6.    The  black  knot.  Bui.  Bussey  Institutioii,  1876:  440-453. 

121  HuMPHRBT,  J.  B.    The  black-knot  of  the  plum.  Rept.  Mass.  Agr.  Bxpt.  SU.  6: 20041O;  18M. 

122  HuMPHRBT,  J.  B.    On  Monilia  fructigena.  Bot.  Gaz.  19: 86-83;  1803. 

123  Norton,  J.  B.  S.    Sderotinia  fructigena.  Trans.  Acad.  Scl.  of  St.  Louis,  12: 91-97;  1902. 

124  PiBRCB,  N.  B.    Peach  leaf  curl:  Its  nature  and  treatment.   Bui.  Dir.  Yeg.  Path,  and  Phjra.* 
U.  S.D.  A.20:l-204:1900. 

126   Sblbt,  A.  D.    Preliminary  report  upon  diseases  of  the  peach.   Bui.  Ohio  Agr.  Bxpt.  Sta.  tfc 
226^1;1898.    See  also  104: 201-216, 1890,  and  148: 6J^^  1904. 

126  Sblby,  a.  D.    Yariation  in  the  amount  of  leaf-curl  of  the  peach  in  the  light  of  weather  ooo- 
ditkms.    Proc.  Soc.  Prom.  Agr.  Sci.  20:96-104;  1899. 

127  Smith,  Brw.  F.    Peach  blight,  Monilia  fructigena  Pers.  Jour.  Myool.  5: 123-134, 1889. 

128  Smith,  Brw.  F.    Peach  yellows:  Its  cause  and  control.  Bui.  Sect.  Yeg.  Path.,  U.  S.  D.  A. 
f:  1-264;  1888.    Also  Bui.  Div.  Yeg.  Path.  1;  68;  1801. 

129  Stbwart,  F.  C.  andBusTACB,  H.  J.    Shot-hole funirus  on  cherry  fruit  pedicleB.    Rept.  N   T. 
Agr.  Bxpt.  Sta.  20: 146-148;  1901. 

DISBASB8  OP  SMALL  FRUITS 

130  Dbtmbrs,  Frbda.  Diseases  of  the  blackberry  and  raspberry.  Bui.  Ohio  Agr.  Bxpt.  Sta.  Yol. 
lY,  No.  6:124-129;  1891. 

131  DURAND,  B.  J.  A  disease  of  currant  canes.  Bui.  Cornell  Univ.  Agr.  Bxpt.  SU.  126: 23-38;  1807. 

132  Gallowat,  B.  T.    Bxperiments  made  in  1888  in  the  treatment  of  the  downy  mildew  and  black- 
rot  of  the  grape-vine.  Sect.  Yeg.  Path.  U.  S.  D.  A.  10: 1-61;  1888;  see  also  11: 1-119: 1890. 

133  Pammbl,L.  H.    Spot  diseases  of  currants  and  gooseberries .  Bui.  Iowa  Agr.  Bxpt.  Su.  IS: 
67-70;  1891. 

134  Rbddick,  D.    The  black-rot  of  the  grape  and  ito  control.  Bui.  Cornell  Unlr.  Agr.  Bxpt.  Sta. 
892:367-388:1908. 

136   ScRiBNBR,  F.  L.     Anthraumose  (^  raspberry  and  blackberry*    Rept.  U.  S.  D.  A.  1987: 9S7-167. 
136   SCRIBNBR,  F.  L.    The  fungus  diseases  of  the  grape-vine.     Bui.  Div.  Bot.,  U.  S.  D.  A.  1:28- 
84;  1886. 

187  Sblbt.  A .  D.  Diseases  of  curranto  and  gooseberries.  Bui .  Ohio  Agr.  Bxpt.  SU.  7%  108412;  1807. 

188  Sblbt.  A.  D.  Grape-roU  hi  Ohk>.  Bui.  Ohio  Agr.  Bxpt.  Sta.  122;  864M;  1901. 
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13B  Sblbt.  a.  D.  and  Hicks.  J.  F.  Bxperlments  in  the  preyentlon  of  ffrape-rot.  Bnl.  Ohio  Affr. 
Bkpt.  Sta.  Ul:  M-102: 1901. 

140  Sblbt,  A.  D.  and  Hicks.  J.  F.  Spraying  for  rrape-rot.  Bui.  Ohio.  Affr.  Bzpt.  SU.  IM:  21^ 
CI;  1902. 

141  Stbwart,  F.  C.  and  Eustacb.  H.  J.  An  epidemic  of  cnrrant  anthracnose.  Bui.  N.  Y.  Affr. 
£xpt.  Sta.  110:6^^1901. 

142  Stkwart.  p.  C.  and  Eustacb.  H.  J.  Raspberry  cane-bliffht  and  raspberry  yellows.  Bnl.  N. 
T.  A«r.  Ezpt.  Sta.  Vk  331-364;  1902. 

DISEASES  OF  POTATO,  TOBACCO,  TOMATO,  BOG-PLANT,  ETC. 

143  CLXirroN.  6.  P.  Downy  mildew  or  bliffht.  Phytophthora  in/rxtfaxw  (Mont.)  DeBy.,  of  potatoes. 
Kept.  Coon.  Affr.  Expt.  Sta.  1001.363^84.  1000:304430. 

144  Cldtton,  6.  P.    Root-rot  d  tobacco.  Rept.  Conn.  Affr.  Expt.  Sta.  1000: 342^368. 

146  DuooAR,  B.  E.  and  Stbwakt,  P.  C.  Thesterile  fundus  Rhiaoctonia.  Bui.  Cornell  Expt.  SU. 
11^60.76:1901.    Also  Bnl.  N.  T.  Affr.  Expt.  Sta.  100:34-30;  1901. 

146  GII.BBKT.  W.  W.  The  root-rot  of  tobacco  caused  by  TkUlavia  basicola.  Bui.  Bur.  PI.  Ind., 
U.  S.  D.  A.  160: 1-06: 1909.    Contains  full  literature  list. 

147  Halstbd^  B.  D.  Some  funffoos  diseases  of  the  effff-plant.  Rept.  N.  J.  Affr.  Expt.  Sta.  IS:  277- 
ZTBtlSn. 

148  JcHos,  L.  R.  CerUhi  poUto  diseases  and  their  remedies.  Bui.  Vt.  Affr.  Expt.  Sta.  IS: 
13-16:1800. 

149  JoNBS.  L.  R.    Diseases  resisUnce  of  potatoes.  Bui.  Bur.  PI.  Ind.  U.  S.  D.  A.  07: 1-30;  1906. 

150  OrroK,  W.  A.  Potato  failures  in  San  Joaquhi  Valley,  California.  Cir.  Bur.  PI.  Ind.  U. 
S.  D.  A..  SS:  144: 1900. 

151  Roups,  F.  M.  PoUto  faUures.  Bui.  Colo.  Affr.  Expt.  SU.  70:  1-20:  1902.  Also  01: 1-33: 1904. 
IS  Rolfs,  P.  H.    Tomato  diseases.  Bui.  FU.  Affr.  Expt.  SU.  01: 15-34:  1907. 

ISO  Sblbt,  A.  D.  On  the  occurrence  of  Pkytophihora  imfutaus  and  Piasmopara  cmbeusis  \aOhV>, 
Ohio  Naturalist,  7:  79-86;  1907.    See  also  No.^  61. 

154  Sblbt,  A.  D.    Tobacco  diseases  in  Ohio.    Bui.  Ohio  Affr.  Expt    SU.  186:87-107;  1904. 

ISO  Sblbt,  A.  D.  Tomato  diseases.  Bui.  Ohio  Affr.  Expt.  SU.  7S-. 237-246;  1806.  Also  lOf: 
mmi  1880.    See  also  No.  13. 

ISO  Smith,  B.  F.  A  bacterial  disease  of  the  tomato,  effff-plant  and  Irish  poUto.  Bui.  DIt. 
Veff.  Path,  and  Phys.,  U.  S.  D.  A.  IS;  1-26;  1806. 

157  Smith,  B.  F.  The  Granville  tobacco  wilt.  Bui.  Bur.  PI.  Ind.,  U.  S.  D.  A.  141:  17-24;  1006. 

158  Smith,  E.  P.  and  Swimolb,  D.  B.  The  dry-rot  of  potatoes  due  to  Futarium  Oxytpormm, 
Bui.  Bur.  PI.  Ind.,  U.  S.  D.  A.  Of:  1-64;  1904. 

ISO  Stbvbmb,  F.  It.  and  Sackbtt,  W.  G.  The  GranTille  tobacco  wilt.  Bui.  N.  C.  Agr.  Expt. 
Sta.  100: 1903. 

160  Stbwabt,  F.  C.  PoUto  diseases  on  Lonff  Island  in  the  season  of  1805.  Bui.  N.  T.  Affr. 
Expt.  SU.  101:  72-86: 1806. 

161  Stbwabt,  P.  C.  Sprayinff  potatoes  on  Lonff  Island  in  the  eeason  of  1806.  Bui.  N.  T.  Affr. 
Expt.  SU.  ISS;  234-280:  1867. 

102  Stbwabt,  F.  C.  Eustacb,  H.  J.  and  Sibriicb,F.  A.  Potato  sprayinff  experimenU  in  1006. 
Bnl.  N.  T.  Affric.  Expt.  SU.  870:  164-229.    The  same  800:  307-311. 

D1SBA8B8  OF  VEQBTABLB  AND  FIELD  CROPS  (EXCEPT  SOLANACEOUS  PLANTS) 

d^  Abthub*  J.  C.    Lettuce  mildew.  Rept.  N.  Y.  Affr.  Expt.  SU.  4:  283254;  1886. 

164  Bback,  8.  A.  Bean  anthracnose  and  iU  treatment.  Rept.  N.  T.  Affr.  Expt.  SU.  Ut 
fln4«e:1802. 

*A  FuLTOK,  H.  R.    Bean  diseases.    Bui.  La.  Expt.  SU.  101;  9-13;  1006. 

166  Gallowat,  B.  T.  A  record  of  some  of  the  work  of  the  division.  Bui.  Dir.  of  Bot.  U.  8. 
0.  A.  (Sec.  of  Veff.  Path.)  0:  Part  II:  41-67;  1880. 

107  Halstbd.  B.  D.  The  asparaffus  rust;  its  treatment  and  natural  enemies.  Bui.  N.  J.  Affr. 
Bvpt.  SU.  ISO:  1-20;  1808. 

188   Halstbd.  B.  D.    Laboratory  study  of  fruit  decays.  Rept.  N.  J.  Affr.  SU.  10:320-333:1802. 

168  Halstbd,  B.  D.  Club-root  of  cabbaffe  and  lU  aUies.  Bui.  N.  J.  Affr.  Expt.  Sta.  00: 1-16. 
1888. 

170  Halstbd,  B.  D.  Some  foBk^ons  ^isasssso*  tb»«wv«t  ooUto.  Bui.  N.  J.  Affr.  Expt.  SU. 
10:1.32:1880. 

1/1  Halstbi^  B.  D.  an^  Fairchild,  D.  G.    Sweet  poUto  blade-rot.  Jour.  Myc.  7: 1-11;  1891. 

178  Humphbbt,  J    2.    The  cucumber  mildew.    Rept.  Mass.  Affr.  Expt.  SU.   0:  21(^12;  1800. 

170^  Pammbl,  Ifc  H.  Preliminary  notes  on  root-rot  disease  of  suffsr  beeU.  Bui.  Iowa  Affr. 
■«s4.  a*.   "^  VMSii  1801. 
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174    Pammkl,  It.  H.    Bacteriosis  of  ruta-baffm    Bui.  lowm  Affr.  Expt.  Sta.  S7: 130-13S;  IBK. 
176   RusBBirL,  H.  Ir.    Bacterial  rat  of  cabbasv  and  allied  planU.      Bui.  Wis.  Affr.  Bxpt.  SU. 
IS:  1^  1808. 

176  SCRIBMXR.  F.  L.    Anthracnoae  o(  the  bean.    Kept.    Sec.    Yeg.   Path.,  U.  S.  D.  A.,  WT: 
861-364. 

177  Sblbt,  a.  D.    Diseases  of  cacurt>it8.    Bal.  Ohio  Affr.  Expt.  Sta.  19;  1987  and  186;  1888. 

178  Sblbt,  a.  D.    Additional    host    plants    of   PlasuMpara  cub^msis.  Bot.  Gaz.  XXVU:  67-68: 
1808. 

179  Sblbt,  a.  D.    Lettuce  leaf  perforation  and  other  lettuce  diseases.    Bnl.   Ohio  Affr.   £zpt. 
Sto.  71:  222.226;  1886. 

180  Sblbt,  A,  D.    A  rosette  disease  of  lettuce.    Cir.  Ohio  Affr.  Bxpt.  SU.  17: 1-7: 1906. 

181  Sblbt,  A.  D.    Onion  smut  and  iu  prsTention.  Bnls.  Ohio  Affr.  Expt.  Sta.  Ill:  71-84;  1000, 
III:  47-52:  1902. 

182  Smith,  Bkw.  P.     The  black-rot   of   cabbage.    Farmers*  Bui.  U.  S.  D.  A.  61: 1-21;  1886. 
See  also  Centrt>l.  f.  Bakt.  Parask.  u.  Infektkr.  S:  (11.  Abt.)  1887. 

183  Smith,  R.  E.  Botnrtis  and  Sderotinia:  Their  relatkn  to  certain  plant  diseases  and  to  each 
other.  Bot.  Gaz.  XXIX:  389407;  1900. 

184  Stbwart,  F.  C.    Downy  mildew  of  the  cucumber:  What  it  is  and  how  to  prerent  it.    Bnl. 
N.  T.  AffT.  Bxpt.  SU.  119:  164-]^;  1807. 

185  SiONB,  G.  E.  and  Smith,  R.  E.    **Drop**  of  lettuce.    R^t.    Mass.  Agr.  Expt.   Sta.  9:  79- 
81:1887. 

186  Sturois,  W.  C.    The  mildew  of  lima  beans.  R^t.  Conn  Agri.    Expt.    Sta.  1987:  169-166. 
Also  Bot.  Gax.  XXV:  191-194;  1886. 

187  Thaxtbk,  R.    Mildew  of  lima  beans.  Rept.  Conn.  Ajrr.  Expt.  Sta.  U:  167-171;  1889. 

188  Thaxtbr,  R.    Diseases  of  the  onkm.    Rept.  Conn.  Agri.  Expt.  Sta.  II:  129-166;  1889. 
VarHook,  J.  M.    See  No.  55. 

189  Whbtzbl,  H.  H.    Some  diseases  of  beans.  Bui.  Cornell  Am*.  Expt.  Sta.  HI:  198-114,  1906. 

DISEASES  OP  CEREALS  AND  GRASSES 

190  Aktbux,  J.  C.    The  rusts  (Uredhiealea).   North  Am.  Ftora  7:  83-160;  et  aeq. 

191  Mamrs,  T.  F.    The  blade  bliffht  of  oats;  a  bacterial  disease.    Bui.  Ohk>  Affr.  Expt.  Sta. 
119:  9M67!  1909. 

192  Sblbt,  A.  D.    Some  diseases  of  wheat  and  oats.  Bnl.  Ohk>  Ajrr.  Expt.  Sta.  97:  S1.81,  1886. 

193  Sblbt,  A.  D.  and  Mamns,  T.  F.  Studies  in  diseases  of  cereals  and  grasses.  Bui.  Ohio  Act. 
Expt.  Sta.  191:  187-236;  1909. 

194  Stbwabt,  F.  C.    a  bacterial  disease  of  sweet  com.    Bui.  N.  T.  Affr.  Expt.  Sta.  Ill:  48$- 
489:1897. 

DISEASES  OF  FORAGE  CROPS 

195  Bahv,  S.  M.  and  Essakt,  S.  H.    A  new  anthracnoee  of  alfalfa  and  red  ck>Ter.    Joor.    Myc 
U:  182-193;  1906. 

196  Bain,  S.  M.  and  Esbakt,  S.  H.    Selectkn  for  disease-resistant  dorer.    Bui.   Tenn.    Arr. 
Bxpt.  Sta.  71:  1-10;  1906. 

197  Chbstbx,  F.  D.    Ck>ver  diseases.    Rept.  Del.  Affr.  Expt.  Sta.  I:  79.88;  1860. 
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PREFACE. 

That  portion  of  this  bulletin  which  has  to  do  with  plant  sub- 
stances marks  the  first  step  in  a  program  of  investigation  of  the 
phosphorus  compounds  of  the  food  of  animals. 

This  study  is  necessary  as  a  preliminary  to  the  practical  appli- 
cation of  the  results  of '  our  animal  metabolism  experiments  with 
pure  phosphorus  compounds. 

'  The  greatest  difficulty  in  the  way  of  a  quantitative  estimation  of 
the  groups  of  phosphorus  compounds  in  vegetable  substances  has 
been  the  accurate  separation  of  inorganic  phosphates  from  the  salts 
of  phytic  acid. 

The  solution  of  this  problem  opens  up  an  important  field  to  a 
new  and  promising  line  of  attack,  and  points  the  way  with  consider- 
able certainty  to  the  estimation  of  phytin  and  nuclein  phosphorus. 

The  solution  of  the  problem  of  estimation  of  inorganic  phos- 
phorus in  a  wide  range  of  animal  tissues  makes  judgment  possible 
as  to  the  availability  of  the  phosphorus  of  the  food  for  the  nutrition 
of  the  functional  substance  of  these  parts. 
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METHODS  FOR  THE  QUANTITATIVE  ESTIMATION  OF 

INORGANIC  PHOSPHORUS  IN  VEGETABLE  AND 

ANIMAL  SUBSTANCES. 

BY  B.  B.  PORBB8.  A.  LBHMANN,  R.  C  COLLISON  AND  A.  C  WHITTIBR. 


INTRODUCTION. 

In  studying*  the  nutritive  value  of  vegetable  foods,  either  in  their 
usual  state,  or  as  modified  by  the  chemical  constitution  of  soils  or 
fertilizers,  it  is  important  that  we  distinguish  between  organic  and 
inorganic  phosphorus,  and  in  considering  the  specific  effects  of 
nutrients  on  the  development  of  animals  and  the  composition  of  their 
organs  and  tissues,  it  is  a  matter  of  great  interest  and  importance 
that  we  know  whether  or  not  variations  in  their  phosphorus  content 
involve  the  simple  inorganic  salts  in  solution  in  their  liquids,  or  the 
complex  organic  phosphorus  compounds  of  the  living  structures. 

This  distinction  is  of  significance  in  animal  nutrition  especially, 
because  of  the  limited  usefulness  as  nutrients  of  mineral  elements 
in  an  inorganic  condition. 

We  have  no  reason  to  expect  that  variations  in  the  food  will  pro- 
duce especially  marked  variations  in  the  inorganic  phosphorus  con- 
lent  of  animal  tissues.  In  order,  therefore,  to  get  the  results  desired, 
it  is  necessary  that  the  method  used  for  the  estimation  of  inorganic 
phosphorus  be  as  nearly  as  possible  chemically  and  mechanically 
perfect. 

On  these  accounts,  and  as  a  part  of  the  general  program  of  study 
of  the  nutritive  value  of  compounds  of  phosphorus,  which  is  in  prog- 
ress in  this  department,  we  have  undertaken  a  solution  of  the 
problem  of  quantitative  estimation  of  inorganic  phosphorus  in  plant 
and  animal  substances  generally.  ' 

(459) 
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A  number  of  methods  for  these  determinations  have  been  pub- 
lished but  have  been  found  to  be  either  inaccurate  or  cumbersome, 
and  therefore  we  have  ^iven  the  subject  some  attention. 

Conclusions  have  been  reached  which  ^ive  us  convenient  and 
approximately  accurate  methods  for  the  estimation  of  inorganic 
phosphorus  in  a  wide  rangfe  of  plant  and  animal  substances. 

As  a  problem  in  quantitative  chemical  analysis  the  estimation 
of  inor^nic  phosphorus  in  vegetable  substslnces  is  rendered 
particularly  difficult  by  the  facts  that  in  each  substance  under 
observation  we  have  a  different  mixture  of  phosphates,  variously 
related,  both  chemically  and  physically,  to  different  groups  of 
organic  compounds. 

The  problem  of  complete  extraction  may  be  influenced  by  the 
mechanical  relation  of  the  phosphates  to  insoluble  and  impenetrable 
structures,  and  the  possibility  of  hydrolysis  of  organic  phosphorus 
compounds  by  the  extractive  reagents  introduces  into  the  problem 
an  element  of  uncertainty  for  the  removal  of  which  our  present 
knowledge  of  the  relations  of  phosphorus  to  organic  compounds  in 
plants  does  not  begin  to  suffice. 

Further,  combinations  of  inorganic  phosphorus  with  organic 
compounds,  such  as  may  occur  without  the  agency  of  a  vital  process 
in  a  living  organism,  introduce  an  element  of  embarrassment  into 
the  discussion,  as  also  does  the  fact  that  there  is  no  clear-cut  and 
essential  distinction  between  organic  and  inorganic  compounds 
generally,  but  these  several  objections  to  the  general  idea  of  such  a 
separation  as  we  contemplate  do  not  have  weight  sufficient  to 
prevent  the  solution  of  the  problem  on  a  useful  working  basis. 

ESTIMATION  OP  INORGANIC  PHOSPHORUS  IN  VSQBTABLE 
SUBSTANCES. 

Of  the  various  methods  which  have  come  to  the  attention  of  the 
authors,  that  used  by  Hart  and  Andrews*  appeared  to  give  the  most 
specific  starting-point  for  further  work.  The  essential  points  of 
this  method  are  as  follows: 

1.  Extract  5  grams  of  sample  by  shaking'  for  15  minutes  in  125  c.  c.  of  .2 
percent  hydrochloric  acid. 

2.  Filter,  and  wash  with  water  until  filtrate  measures  500  c*  c.     ^ 

3.  Neutralize  a  200  c.  c.  portion  of  this  filtrate  with  ammonia.  Pre-^ 
cipitate  at  65^  with  10  grams  of  ammonium  nitrate,  25  c.  c.  of  neutral 
ammonium  molybdate  solution  and  2  c.  c.  of  nitric  acid,  specific  gravity 
1.20.  Keep  at  this  temperature  for  15  minutes;  allow  to  cool  gradually, 
and  filter  after  one  hour. 

4.  Treat  this  precipitate  as  is  usual  in  a  phosphorus  estimation,  disaolT- 
ing  in  anmxmia,  precipitating  with  magnesia  mixture,  burning  to  the  pyio-^ 
phosphate,  and  then  redissolving  and  reprecipitating  to  free  from  impurities^ 

*BuL  238,  New  York  Affr.  £xp.  Sta.,  p.  188. 
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Hart  and  Andrews  found  that  the  official  molybdate  solution  de- 
composed nucleinic  acid.^ 

In  order  to  reduce  this  decomposition  to  a  minimum  they  used 
neutral  ammonium  molybdate  solution  with  just  sufficient  nitric  acid 
to  precipitate  the  phosphoric  acid  present.  This  quantity  they  state 
to  be  2  c.  c.  of  1.20  nitric  acid.* 

The  second  precipitation  as  mag^nesium  ammonium  phosphate 
was  advised  by  them  to  remove  from  the  pyrophosphate  possible 
contamination  from  magnesium  oxide  resulting  from  proteid-mag- 
nesium  compounds  precipitated  along  with  the  magnesium  ammon- 
ium phosphate  by  the  magnesia  mixture.' 

In  making*  use  of  this  method  we  found  it  not  entirely  satisfac- 
tory, and  on  the  following  accounts: 

1.  The  time  allowed  for  extraction  appears  to  be   insufficient. 

2.  The  precipitation  with  neutral  molybdate  solution  and  the 
minimum  amount  of  *acid,  is  rendered  difficult,  as  a  routine  method, 
by  the  fact  that  2  c.  c.  of  1.20  nitric  acid  are  in  many  cases  not  nearly 
sufficient  to  cause  precipitation  of  the  inorganic  phosphorus. 

3.  The  bulky,  flocculent  precipitate  which  is  often  formed  may 
completely  mask  the  formation  of  the  yellow  precipitate  of  inorganic 
phosphorus,  rendering"  it  impossible  to  judge  of  the  completeness 
of  the  precipitation. 

4.  The  precipitate  is,  with  many  products,  very  difficult  to 
filter. 

5.  This  method  involves  the  precipitation  of  inorganic  phos- 
phorus in  the  presence  of  phytin.  A  quantitative  precipitation  of 
inorganic  phosphorus  alone,  from  a  solution  containing  phytin,  ap- 
pears to  be  impossible. 

6.  Nucleinic  acid  may  be  hydrolized  by  the  nitric  acid  used  in 
this  precipitation,  the  result  being  the  formation  of  inorganic  from 
organic  phosphorus. 

7.  Nucleinic  acid,  like  phytin,  appears  to  hinder  the  formation 
of  the  yellow  precipitate. 

8.  A  possible  source  of  error  lies  in  the  carrying  down  of 
phosphorus-containing  proteids  with  the  yellow  precipitate,  the 
solution  of  these  proteids  in  ammonia,  their  precipitation  with 
magnesia  mixture,  and  in  this  way  their  contribution  to  the  amount 
of  the  pyrophosphate. 

In  an  attempt  to  remedy  the  imperfections  of  this  method  we 
made  the  following  observations: 

iBol.  238;  New  York  A^r.  Exp.  SU..  p.  188. 
*Biil.  238,  New  York  Agr.  Bzp.  Sta.,  p.  IBB. 
*BaL  2K,  N»w  York  Affr.  Szp.  SUu.  p.  m. 


Digitized  by 


Google 


462  OmO  EXPERIMENT  STATION:  BULLETIN  215 

The  time  of  extraction  in  .2  percent  hydrochloric  acid  may  be 
safely  len^rthened,  at  least  for  most  substances,  to  three  hours,* 

The  decomposition  of  nucleinic  acid  by  the  nitric  acid  used  in 
the  molybdate  precipitation,  is  obviated  by  substituting:  for  this  first 
process,  a  precipitation  with  mag^nesia  mixture,  since  free  nucleinic 
acids  and  some  at  least  of  their  salts  are  soluble  in  ammonium 
hydrate. 

Besides  gfetting  rid  of  the  nucleinic  acids,  this  precipitation 
largely  removes  the  mechanical  difficulty  of  handling  the  bulky, 
flocculent,  molybdate  precipitate,  and  obviates  the  necessity  for  the 
delicate  determination  for  each  substance  studied,  of  the  point  of 
compromise  between  completeness  of  precipitation  of  inorganic 
phosphates  and  decomposition  of  organic  phosphorus  compounds  by 
nitric  acid. 

The  precipitate  with  magnesia  mixture  is  very  much  less  bulky, 
and  is  more  easily  filterable,  and  in  this  case  there  is  no  doubt  as 
to  the  completeness  of  the  process. 

The  interference  of  phytin  with  the  estimation  of  inorganic 
phosphorus,  which  may  amount  to  a.  complete  suppression  of  the 
yellow  precipitate  if  this  compound  be  present  in  considerable 
amount,  or  which  may,  through  decomposition,  add  to  the  inorganic 
phosphorus  if  the  phytin  be  present  in  smaller  quantity,  is  entirely 
done  away  with  by  the  separation  of  phytin  and  inorganic 
phosphorus  in  the  precipitate  with  magnesia  mixture,  by  dissolving 
the  inorganic  phosphates  out  of  this  precipitate  with  acid-alcohol. 
The  phytin  is  practically,  if  not  entirely  insoluble  in  this  reagent. 

Below  are  details  of  work  sustaining  these  conclusions. 

The  problem  of  removal  of  nucleinic  acids  from  the  .2  percent 
hydrochloric  acid  extract  was  worked  out  by  experiments  with  a 
preparation  of  nucleinic  acid  from  yeast.  The  free  nucleinic  acid 
and  some  of  its  salts,  at  least  the  magnesium  compound,  proved 
soluble  in  ammonium  hydrate.  This  fact  led  to  the  separation  of 
inorganic  from  nucleinic  acid  phosphorus  by  precipitating  with 
magnesia  mixture  and  filtering  out  the  precipitate. 

The  preliminary  precipitation  with  magnesia  mixture  has  the 
double  advantage  of  removing  the  nucleinic  acid  and  of  facilitating 
subsequent  work.  After  dissolving  the  magnesia  precipitate  in 
hydrochloric  acid,  the  molybdate  solution  produces  a  normal  yellow 
precipitate  which  is  free  from  the  bulky  flocculent  mass  which 
frequently  entirely  obscures,  if  indeed    it    does    not    prevent,    the 

*The  use  of  phenol  in  the  extractive  reasrent  would  probably  prevent  the  activity  of  csszymes  in 
substances  where  they  are  particularly  active,  though  unless  proven  necessary  the  use  of  pbeool  is 
inadvisable. 
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formation  of  the  yellow  precipitate  when  the  hydrochloric  acid 
extract  of  the  substance  is  treated  directly  with  the  molybdate 
solution. 

After  working"  out  this  point  we  learned  from  correspondence 
with  Parke,  Davis  &  Co.,  of  Detroit  that  this  magnesia  precipitation 
was  in  use  by  this  firm  in  the  estimation  of  inorganic  phosphorus 
in  their  preparation  of  nucleinic  acid  from  yeast. 

In  order  to  determine  whether  or  not  nucleinic  acid  was 
decomposed  in  ammonia  solution  during  our  first  magnesia 
precipitation,  we  weighed  out  three  1-gram  portions  of  nucleinic 
acid  which  had  been  prepared  from  yeast.  These  were  dissolved  in 
ammonia,  and  allowed  to  stand  over  night  with  magnesia  mixture,  as 
in  the  first  step  of  our  method  for  inorganic  phosphorus  estimation. 
Slight  precipitates  formed,  which  we  combined,  dissolved  and 
reprecipitated,  first  with  molybdate  solution  and  then  with  magnesia 
mixture,  but  the  combined  precipitates  were  unweighable. 

That  conditions  were  correct  for  precipitation  of  inorganic 
phosphorus,  was  proven  by  addition  of  sodium  phosphate  to  another 
sample  of  nucleinic  acid,  which  was  dissolved  and  treated  like  the 
three  above  mentioned.  The  phosphorus  came  down  promptly  in 
the  usual  way. 

U.  Suzuki  and  others'*'  have  found  that  in  certain  foods  and 
fodders  which  they  examined,  including  wheat  bran  and  barley,  a 
large  portion  of  the»organic  phosphorus  is  present  as  phytin,  and 
that  accompanying  this  is  an  enzyme  which  decomposes  phytin  into 
phosphoric  acid  and  inosite. 

Attempts  were  made  to  prevent  possible  decomposition  by 
enzymes  during  the  estimation  of  inorganic  phosphorus,  by  previous 
heating  of  the  material,  both  by  dry  heat  and  by  boiling,  but  the 
results  were  unfavorable  to  the  use  of  this  principle  in  a  routine 
quantitative  method. 

After  demonstrating  that  a  longer  time  of  extraction  than  15 
minutes  was  desirable,  we  sought  to  learn  whether  or  not  the  action 
of  enzymes  might  be  expected  to  enter  largely  into  the  determi- 
nation of  results  with  the  longer  extraction. 

Inorganic  phosphorus  was  determined  in  two  samples  of  wheat 
middlings  by  two  different  methods  of  procedure. 

The  extractions  were  made  with  .2  percent  hydrochloric  acid, 
and  the  extracts  allowed  to  stand  over  night,  two  with  6.6  percent 
of  phenol  in  the  extractive  reagent,  and  the  other  two  in  the 
.2  percent  hydrochloric  acid  alone.  The  extracts  were  allowed  to 
stand  over  night  in  order  to  give  the  enzymes  a  fair  chance  to 
demonstrate  their  presence. 

^ul.  No.  4,  Vol  7,  CoUeffe  of  Affricnlture,  Tokio. 
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One  sample  grave  us  .006  percent  of  inorganic  phosphorus  with 
phenol  present  and  ,010  percent  without.  The  other  sample  gave 
•005  percent  and  .012  percent  with  and  without  phenol. 

While  the  amounts  of  inorganic  phosphorus  involved  were  very 
small  the  variations  in  the  percent  of  inorganic  phosphorus  were 
considerable,  and  on  the  strength  of  this  evidence  we  began  the  use 
of  phenol  in  our  provisional  method,  without  having  demonstrated 
that  enzymes  would  make  an  appreciable  difference  in  the  inorganic 
phosphorus  during  our  three-hour  extraction,  and  without  having 
determined  that  there  was  no  bacterial  growth  in  our  .2  percent  hy- 
drochloric acid  extract  during  the  twenty-four  hours  which  it  stood. 

These  above  results  are  comparative  only,  since  they  were 
obtained  by  precipitation  in  the  presence  of  phytin. 

After  some  preliminary  work  with  the  method  of  Hart  and 
Andrews,  certain  modifications  were  compared  with  the  original 
method.    The  results  are  set  forth  in  the  following  table. 


COMPARISON  OP  MODIPICATIONS  OP  HART  AND  ANDRSWS'S  MBTHOD 

Percent  of  Inorganic  Phosphorus 

Method  1 

Method  2 

Method  3 

Method  4 

Modified  by 

use  of  phenol  in 

Hart's  mttthe^ 

Hart*s  method 

Hart*8  method 

eztractlTe 

15   minute 

as  in  Column  1, 

as  in  Column  1, 

reajreot,  and 

but  with  3  hrs. 

but  with  8  hrs. 

^■fc >»> aa^» vs\#ai  f  ■#  \^9  %«• 

nitric  acid 

extraction;  2c.c 

eztrai;tion«  and 

used  in 

nitric  acid 

7cc  nitric  add 

precipitation: 

precipitation 

used  in 

used  hi 

precipitation 

precipitation 

precipitated  by 

official  molybdic 

solution 

1 

Gluten  flour 

.035 

•9S 

•^ 

.044 

2 

Gluten  feed 

.062, 

.119 

.171 

4^ 

Cotton  seed  meal.. 

.044 

.105 

•ii2 

.U8 

Distiller**  grains.. 

.038 

.056 

.062 

•2E 

ComatOTer 

.028 

.061 

•JS 

.078 

Bermuda  ffraas.... 

.020 

.131 

.179 

.174 

Alfalfa  hay 

.028 

.007 

•^S 

.140 

8 

Clorer  hay 

.... 

.073 

.103 

.091 

With  the  Hart  and  Andrews  method  as  in  Columns  1,  2,  and  3, 
the  preliminary  precipitation  was  with  neutral  molybdate  solution 
and  varying  amounts  of  nitric  acid. 

It  will  be  observed  that  the  figures  in  the  second  column  are  all 
higher  than  the  corresponding  figures  in  the  first  column,  showing 
that  15  minutes  extraction  is  insufficient. 

There  is,  of  course,  a  possibility  that  the  greater  amount  of 
inorganic  phosphorus  found  by  the  three-hour  extraction,  than  by 
the  fifteen-minute  extraction,  is  due  tohydrolytic  decomposition  of 
organic  phosphorus  compounds  by  the  .2  percent  hydrochloric  acid 
during  extraction,  rather  than  to  greater  thoroughness  of 
extraction. 
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In  order  to  test  this  point  we  determined  the  inori^fanic 
phosphorus  in  phytin  and  in  nucleinic  acid,  in  one  set  of  samples 
precipitating*  immediately  after  solution,  in  another  setaf  ter  3  hours' 
standing*,  and  in  a  third  after  24  hours'  standing  in^  t)ie  ,2  percent 
hydrochloric  acid.  We  were  unable  to  demonstrate  decomposition 
m  this  reag-ent  in  either  3  or  24  hours'  extraction. 

The  figures  in  the  third  column  are,  with  one  exception,  higfher 
than  the  figures  in  the  second,  which  may  be  due  either  to  the  2  c.  c. 
of  nitric  acid  used  in  Method  2  being*  insufficient  to  cause  complete 
precipitation,  or  to  the  7  c.  c.  of  acid  used  in  Method  3  being- 
excessive,  and  aug^menting  the  amount  of  inor^^anic  phosphorus  by 
decomposition  of  organic  forms,  or  both  decomposition  and 
mcomplete  precipitation  may  have  affected  results.    ' 

After  precipitation  of  inorganic  phosphorus  as  with  Method  2 
with  2  c.  c.  of  nitric  acid,  5  c.  c.  of  nitric  acid  were  added  to  the 
filtrates  to  test  the  thoroughness  of  the  precipitation.  The 
characteristic  yellow  precipitate  promptly  appeared  in  all  cases, 
except  with  gluten  flour. 

The  figures  with  Method  4  are,  with  one  exception,  higher  than 
the  corresponding  figures  with  Method  2,  showing  that  the  2  c.  c.  of 
nitric  acid  used  with  Method  2  were  insufficient.  These  figures  are 
with  one  exception,  lower  than  the  corresponding*  figures  with 
Method  3,  showing*  that  either  the  use  of  phenol  in  the  extractive 
reagent,  or  the  elimination  by  the  ma^fnesia  precipitation  of  the 
possibility  of  decomposition  of  nucleinic  acid  by  nitric  acid,  or  both, 
tended  to  obviate  probable  inaccuracies  in  this  method  of  work. 

Subsequent  investigation,  however,  showed  that  Method  4  was 
unreliable,  because  of  the  presence  of  phytin  in  the  solution  from 
which  the  inorganic  phosphorus  was  precipitated;  so  the  determi- 
nations have  a  comparative  but  not  an  absolute  value. 

In  order  to  study  the  bearing  of  fineness  of  grinding  of  the 
sample  on  this  method  of  work,  a  coarsely  ground  sample  of  blue- 
?rass  was  divided  into  two  equal  parts  and  one  of  these  was  re- 
ground.  Both  samples  were  then  passed  through  standard  selves 
with  the  following  results: 

PBRCBNT  OP  MATBRIALS  RBTAINBD  BY  SBIVBS 

2  mm.  1  mm.  '5  mm.  Pan 

Co«nel7  rmuid 0  44  33  23 

Piaely  fftoand 0  0  7  83 

Method  4  gave  .106  percent  of  inorganic  phosphorus  in  the 
finely  g^round  sample  and  .109  percent  in  the  coarsely  ground  sample, 
indicating  that  extreme  fineness  of    division   of    such    fodders    as 
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blue-grass  is  probably  not  essential,  and  that  our  failure  to  extract 
all  of  the  inorganic  phosphorus  in  15  minutes  was  in  all  probability 
not  due  to  insufficient  fineness  of  division  of  the  material. 

The  method  of  extraction  and  precipitation  used  throughout 
the  greater  part  of  this  study  is  as  follows: 

Place  25  c.  c.  of  90  percent  phenol  in  a  flask  graduated  to 
deliver  500  c.  c;  add  a  small  portion  of  .2  percent  hydrochloric  acid, 
and  shake  the  flask  until  the  phenol  is  dissolved.  Then  fill  to  the 
mark  with  .2  percent  hydrochloric  acid,  and  pour  the  contents  upon 
10  grams  of  the  sample  in  a  600  c.  c.  Florence  flask.  Close  the 
flask  with  a  rubber  stopper  and  shake  at  intervals  of  5  minutes  for 
three  hours. 

At  the  end  of  this  period  filter  the  extract  through  a  dry  paper. 
To  a  350  c.  c.  portion  of  the  filtrate  add  10  c.  c.  of  magnesia  mixture 
and  50  c.  c.  of  strong  ammonia,  and  allow  to  stand  over  night. 

Inorganic  phosphorus  is  precipitated  as  magnesium  ammonium 
phosphate,  along  with  phytin  if  present,  while  nucleins,  being 
soluble  in  ammonia,  remain  in  solution.  Next  morning  filter,  and 
wash  the  precipitate  free  from  phenol  with  dilute  ammonia. 

In  the  case  of  materials  containing  phytin,  such  as  wheat  bran 
and  middlings,  the  precipitate  consists  almost  wholly  of  phytin  and 
magnesium,  ammonium  phosphate.  *  It  is  dark  gray  in  color,  and 
usually  completely  soluble  in  dilute  acids.  In  the  case  of  materials 
containing  no  phytin,  it  consists  of  impure  magnesium  ammonium 
phosphate,  usually  contaminated  with  variously  colored  unknown 
compounds. 

Determination  of  inorganic  phosphorus  in  this  precipitate  by 
dissolving  in  dilute  acid,  and  precipitation  with  molybdate  solution, 
did  not  give  true  results  in  the  presence  of  phytin. 

Experiments  were  now  made  on  the  action  of  phytin  on  the 
precipitation  of  inorganic  phosphorus.  In  this  work  a  commercial 
preparation  of  phytin  was  used.  This  material  was  a  calcium- 
magnesium  salt  prepared  by  the  Society  of  Chemical  Industry,  in 
Basle,  Switzerland.  It  contained  19,9  percent  of  phosphorus.  The 
sample  was  probably  contaminated  by  a  small  quantity  of  inorganic 
phosphorus,  since  a  separation  from  the  latter  is  very  difficult. 

Definite  quantities  of  this  phytin  were  dissolved  in  0.2  percent 
hydrochloric  acid;  a  definite  quantity  of  inorganic  phosphorus  in  the 
form  of  di-sodium  phosphate  was  added,  and  the  solution  pre- 
cipitated with  official  molybdate  solution  in  the  usual  way. 

The  following  series  of  figures  gives  the  results  of  the  first 
trial: 
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The  phytin  in  each  case  was  dissolved  in  100  c.  c.  of  0.2 
percent  hydrochloric  acid,  to  which  was  added  di-sodium  phosphate, 
equivalent  to  0.0420  gfram  of  magnesium  pyrophosphate.  Am- 
monium nitrate  and  40  c.  c.  of  official  molybdate  solution  were  used 
in  the  precipitation  of  the  inorganic  phosphorus.  The  number  of 
grams  of  phytin  in  each  case  represents  approximately  the  percent 
of  phytin  in  the  solution. 

8UPPRB88ION  OP  YBLLOW  PRBCIPITATS  BY  PRB8BNCB  OP  PHYTIN 


Grams  o( 

pyrophosphate 

Grams  ci 

Grams  of  pturtin 

equiTalent  to 

inorganic 

phosphoras  added 

pyrophosphate 
reooTered 

1.0 

.0120 

.0000 

0.6 

.0260 

0.4 

«• 

.0329 

0.3 

«« 

.0371 

0.2 

•• 

.0423 

0.1 

t« 

.0447 

O.OS 

«• 

.0438 

0.03 

•• 

.0433 

0.01 

•* 

.0422 

0.00 

«i 

.0420 

The  striking  fact  about  this  series  is  that  a  one-percent  solution 
of  phytin  completely  suppressed  the  precipitation  of  the  inorganic 
phosphorus  present,  there  being  no  yellow  precipitate  after  an 
hour's  digestion  at  65^  C.  This  suppression  of  the  yellow  precipi- 
tate seemed  to  diminish  with  decrease  in  the  phytin  content  of  the 
solution,  as  shown  by  the  increase  in  the  weights  of  pyrophosphate 
as  the  corresponding  amounts  of  phytin  were  decreased  from 
1  gram  to  .2  of  a  gram.  With  continued  decrease  in  the  phytin 
present,  however,  the  results  increased  to  quantities  in  excess  of 
the  blank.  This  may  have  been  due  to  a  decreased  suppression  of 
the  precipitate  by  the  lower  percentages  of  phytin,  the  phosphorus 
in  excess  of  the  blank  being  contributed  by  the  inorganic  phos- 
phorus present  as  an  impurity  in  the  phytin;  or  with  decrease 
in  the  amount  of  phytin  present,  there  may  have  been  an  increased 
splitting  off  of  inorganic  phosphorus  from  phytin. 

The  result  on  a  .2  percent  solution  of  phytin  may  have  been 
due  to  a  combination  of  two  compensating  errors,  one  the  partial 
hydrolysis  of  phytin,  and  the  other  the  partial  suppression  of 
precipitation  by  the  presence  of  phytin,  the  combination  of  these 
factors  resulting  in  a  check  with  the  blank. 

Later  results  indicate  that  the  high  results  with  the  low  per- 
cents  of  phytin  were  partly  due  to  the  formation  of  inorganic  phos- 
phorus by  the  decomposition  of  phytin. 
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The  results  would  naturally  be  higrher  than  the  blan^ 
because  of  the  presence  of  appreciable  quantities  of  inorgfanic 
phosphorus  in  the  phytin  sample,  but  this  would  not  account  for 
the  low  results  obtained  when  considerable  phytin  is  present,  nor 
for  the  high  results  later  obtained  on  low-phytin  solutions.  Dupli^ 
cate  series  of  determinations  were  made,  all  of  which  gave  similar 
indications. 

When  usin^  neutral  molybdate,  although  decomposition  was 
not  so  marked,  as  indicated  by  hig'h  results  on  low-phytin  solutions, 
it  was  necessary  in  many  cases  to  add  more  than  the  2  c.  c.  of  nitric 
acid,  as  specified  by  Hart  and  Andrews,  in  order  to  effect  a  separa- 
tion of  the  yellow  precipitate,  while  in  O.S  percent  and  1.0  percent 
solutions  of  phytin,  the  yellow  precipitate  was  completely  sup- 
pressed as  before. 

It  was  also  observed  at  this  time  that  when  the  di-sodium 
phosphate  solution  was  added  to  the  0.2  percent  hydrochloric  acid 
solution  of  phytin,  a  cloudiness  was  at  first  produced,  which  disap- 
peared on  stirring".  In  a  one-percent  solution  of  phytin  it  was  found 
possible  actually  to  precipit^tte  the  phytin  with  a  strong  solution  of 
di-sodium  phosphate,  indicating  either  a  partial  salting  out  of  the 
phytin,  or  a  combination  of  inorganic  phosphate  with  the  phytin, 
due  to  a  possible  unsaturated  condition  of  the  latter. 

Considering  the  results  obtained  thus  far,  it  was  obvious  that  a 
separation  of  phytin  from  inorganic  phosphorus  was  necessary,  if 
exact  results  were  to  be  secured. 

A  quantitative  separation  of  inorganic  phosphorus  from  such  a 
substance  as  phytin,  is  a  task  attended  by  considerable  difficulty, 
because  of  the  similarities  in  solubility  and  the  difficulty  of 
preventing  hydrolysis  of  the  phytin. 

No  organic  liquid  was  found  in  which  phytin  is  appreciably 
soluble.  The  only  solvent  seemed  to  be  dilute  acid^,  in  which,  of 
course,  inorganic  phosphates  are  also  soluble.  Phytin  is  pre- 
cipitated from  such  solutions  by  alkalis  and  strong  alcohol.  In- 
organic phosphates  precipitate  under  the  same  conditions,  when 
bases  such  as  calcium  and  magpesium  are  present,  as  in  the  case 
of  acid  extracts  of  feeding  materials. 

Owing  to  the  very  limited  number  of  solvents  for  phytin, 
methods  of  precipitation  in  acid  solution  were  investigated. 

It  was  found  that  aluminium  salts  cause  a  precipitation  of 
phytin  in  a  0.2  percent  hydrochloric  acid  solution  of  the  latter.  By 
adding  ammonium  nitrate  and  digesting  at  60^  C.  we  were  able  to 
prceipitate  the  phytin  from  even  a  .01  percent  solution  of  the  same. 
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A  number  of  series  of  determinations  were  made,  using*  pptash 
alum  as  the  precipitant.  The  phytin  was  in  each  case  dissolved  in 
100  c.  c.  of  0.2  percent  hydrochloric  acid  in  a  250  c.  c.  flask.  Inor- 
ganic phosphorus  was  added  as  usual,  and  also  30  grams  of  solid 
ammonium  nitrate.  The  flask  was  filled  nearly  to  the  mark  with 
0.2  percent  acid,  and  then  the  phytin  precipitated  with  a  small  ex- 
cess of  a  saturated  solution  of  alum.  The  flask  was  then  filled  to  the 
mark,  shaken,  and  the  contents  digested  at  60^  C.  for  one  hour. 
The  contents  were  then  filtered  through  dry  papers,  and  a 
measured  portion  was  taken  for  determination  of  inorganic 
phosphorus.  Under  these  conditions  phytin  was  precipitated  even 
in  0.01  percent  solutions,  but  came  down  as  an  exceedingly  soft, 
bulky  and  finely  divided  precipitate,  which  could  not  be  held 
satisfactorily  by  any  kind  of  filter.  A  series  made  by  this  method 
gave  the  following  results: 

SEPARATION  OP  INORQANIC  PHOSPHORUS  AND  PHYTIN  BY 
PRBCIPITATldN  WITH  POTASH  ALUM 


Grams  of 

Qrams  of 

pyrophoBphate 

Grams  of 

phytin 

equWatentto 

present 

inorganic 
pbospbonis  added 

recovered 

0.6 

.0572 

.0821 

0.4 

.0672 

.0664 

0.3 

.0872 

0.2 
0.1 

.0872 
.0872 

'.oSS 

0.06 

.0872 

0646 

0.04 

.0872 

.0644 

0.03 

.0872 

.0660 

0.02 

.0872 

.0660 

0.01 

.0872 

.0662 

At  the  same  time,  samples  of  the  phytin  used  were  treated  in  a 
similar  way,  without  the  addition  of  inorganic  phosphate.  They 
gave  the  following  results: 


Grams  of 
phytin 
present 

0.6 
0.3 
0.1 
0.06 


Grams  of 

pyraphosph  ate 

reooTered 

.0117 
.0096 
.0033 
.0009 


Now  if  these  latter  values  are  assumed  to  represent  the  amount 
of  inorganic  phosphorus  in  the  phytin  sample,  they  should  be  added 
to  the  .0672  gram  present  in  inorganic  form  in  order  to  obtain  the 
true  values  for  inorganic  phosphorus;  for  example,  in  the  case  of  a 
O.S  percent  solution  of  phytin,  .0672  gram  of  pyrophosphate  should 
have  been  recovered,  plus  what  the  phytin  itself  contained,  namely 
.0117  gram.  Therefore,  .0672+-01l7=.0789  gram  magnesium 
pyrophosphate,  which  presumably  represents  the  correct  value  for 
inorganic  phosphorus  in  the  0.5  percent  solution. 
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When  the  series  is  thus  worked  out  it  is  readily  seen  that  the 
results  are  all  too  low. 

Thinking"  that  possibly  the  low  results  were  due  to  a  drTLggini^ 
down  of  inorganic  phosphorus  by  the  bulky  precipitate  of  phytin, 
we  made  several  series  of  determinations  in  which  the  precipitate 
was  thoroughly  washed  with  warm  0.2  percent  hydrochloric  acid, 
but  in  all  cases  the  precipitate,  being*  so  finely  divided,  was  washed 
through  into  the  filtrate.  It  could  not  be  held  by  filter  paper,  paper 
pulp  or  asbestos. 

We  next  tried  precipitating  the  phytin  as  the  lead  salt  in  0.2 
percent  nitric  acid  solution.  The  details  of  the  method  were  similar 
to  those  of  the  alum  method,  except  that  no  ammonium  nitrate  was 
used  in  the  digestion  of  the  precipitated  lead  salt. 

By  the  use  of  a  20  percent  solution  of  lead  nitrate,  complete 
precipitation  of  the  phytin  seemed  to  be  obtained.  The  precipitate 
M^s  heavier  and  more  easily  filtered  than  the  aluminium  salt. 

Experiments  proved  that  0.2  percent  nitric  acid  was  the  best 
medium  in  which  to  make  the  precipitation. 

This  method  gave  results  indicated  by  the  following  series: 

SEPARATION  OP  INOROANIC  PHOSPHORUS  AND  PHYTIN  BY 
PRSaPITATION  y^nTH  LEAD  NITRATE 


Grams  of 

Grama  of 

pjrropbosphate 

Grams  ai 

phytin 

equWalent  to 

pyrophosphate 

present 

inoryanic 
phosphorus  added 

recoTered 

0.4 

.0304 

.0296 

0.8 

.0304 

0.1 

.0304 

.0305 

0.06 

.0304 

.0811 

0.04 

.0304 

.0304 

0.03 

.0304 

.0327 

0.01 

.0304 

.0312 

Four  determinations  were  also  made  on   the   phytin   sample 
without  addition  of  inorg^anic  phosphorus  as  follows: 


Grams  of 
phythi 
present 

0.4 
0.3 
0.2 
0.1 


Grams  of 

pyrophosphate 

recovered 

.0058 
.0022 
.0011 


The  low  results  on  solutions  with  higrh  phytin  content  again 
indicate  either  a  dr^Lgging  down  of  inorganic  phosphorus  by  the 
heavy  precipitate  of  lead  phytate,  or  actual  combination  between 
phytin  and  inorganic  phosphates. 
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^r  was  also  thought  possible  that  the  particular  form  of  the 
^  '..Tcrcialphytin  used  might  be  accountable  for  these  varyinuT 
results.  To  test  this,  several  series  of  determinations  were  made 
with  the  lead  precipitation  on  extracts  of  f  eeding*  materials. 

The  method  of  procedure  was  as  follows: 

From  50  to  100  grams  of  material  were  extracted  for  three  hours 
with  a  large  volume  of  0.2  per(:ent  hydrochloric  acid.  The  resulting 
extract  was  filtered  through  paper  by  suction.  Measured  portions 
of  this  extract  were  placed  in  beakers,  and  a  definite  amount  of 
di-sodium  phosphate  added,  as  before.  The  mixture  was  then 
precipitated  with  magnesia  mixture  and  ammonia,  using  10  c.  c.  of 
the  former  to  20  c.  c.  of  the  latter.  After  standing  over  night,  the 
precipitate  wrs  filtered  off  and  washed  with  dilute  ammonia.  After 
draining  well,  the  paper  with  the  precipitate  was  placed  in  a  flask 
containing  250  c.  c.  of  0.8  percent  nitric  acid,  and  shaken  until  the 
paper  and  precipitate  were  thoroughly  broken  up.  This  solution 
was  then  filtered  through  a  dry  filter,  and  200  c.  c.  of  the  filtrate 
placed  in  a  250  c.  c.  flasks  After  making  neutral  with  ammonia, 
enough  nitric  acid  was  added  to  make  the  250  c.  c.  of  solution  contain 
0.2  percent  of  nitric  acid.  Lead  nitrate  solution  was  now  added  in 
slight  excess,  the  flask  filled  to  the  mark,  and  digested  for  one  hour 
at  60^  C.  The  phytin  was  then  removed  by  filtration  through  a  dry 
filter,  and  after  cooling,  200  c.  c.  of  the  filtrate  was  precipitated  with 
official  molybdate  solution.  The  yellow  precipitate  was  washed 
with  diluted  molybdate  solution  until  free  from  lead,  and  phos- 
phorus was  then  determined  in  the  usual  way. 

This  method  gave  the  following  results  on  wheat  bran,  and  was 
also  tried  on  alfalfa,  which  is  thought  to  contain  no  phytin*. 

One  hundred  grams  of  bran  were  extracted  with  1500  c.  c.  of 
0.2  percent  hydrochloric  acid  containing  25  c.  c.  of  90  percent  phenol. 

To  measured  portions  of  this  extract  was  added  di-sodium 
phosphate  solution  equivalent  to  a  final  weight  of  .0246  gram  of 
magnesium  pyrophosphate. 

.  SEPARATION  OP  INORGANIC  PHOSPHORUS  AND  PHYTIN  BY  PRECIPITATION 
WITH  LEAD  NITRATE  IN  ACID  EXTRACT  OF  WHEAT  BRAN 


YoluiiiM  oC 

PyrophoBphate 
equiTatent  to 

Pyrophosphate 

CalcuUted 

w«iffhtof 

pyrophosphate 

esEtnct 

inorganic  pbospborns 

nooToroQ 

c.c. 

Grains 

Grams 

Grama 

100 

.0046 

.0326 

.0338 

80 
00 

•gg 

.0320 
.0288 

00 

;O0I6 

.0290 

.0284 

.0246 

.0286 

.0273 

20 

.0246 

.0276 

.0260 

30 

.0246 

.0268 

.0266 

6 

.0246 

.0203 

.0251 

im 

.0000 

.0091 

*Haft  and  Tottlnffbam:  Journal  of  Biological  Chemistry,  Sept.  1000. 
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The  fourth  column  refers  to  results  which  should  have  otti 
obtained  if  .0091  gram  of  pyrophosphate  is  considered  to  represent 
the  amount  of  inorgranic  phosphorus  in  the  100  c.  c.  of  extract  taken; 
and  to  this  is  added  the  blank,  .0246  grram  pyrophosphate,  which 
had  been  added  as  di-sodium  phosphate.  For  quantities  of  extract 
less  than  100  c.  c.  proportional  parts  of  the  value  .0091  were  taken. 

A  similar  series  of  determinations  was  made  on  alfalfa  hay. 
Forty  0rams  of  alfalfa  hay  were  extracted  with  1000  c.  c.  of  0.2 
percent  hydrochloric  acid  containing:  SO  c.  c.  of  90  percent  phenol. 
The  inorgfanic  phosphate  added  was  again  equivalent  to  .0246  fi:ram 
pyrophosphate. 


RBCOVSRY  OP  INORGANIC  PHOSPHORUS  ADDED  TO  AaD 
EXTRACT  OP  ALPAL^A 


Volumes  of 

Psrropbospbate 
equivalent  to 

CalcuUted 

^nsiffbtof 

pyrophosphate 

extract 

inorganic  pbospbonia 

recovered 

c.  c. 

Grams 

Grams 

Grams 

100 

.0246 

.0343 

.0338 

80 

.0246 

.0330 

.0320 

60 

.0246 

.0312 

.(m 

50 

.0246 

.0290 

.0285 

40 

.0246 

.0274 

.0284 

25 

.0246 

.0200 

10 

.0246 

.0286 

.0265 

5 

.0246 

0282 

.0251 

100 

.0000 

.0096 

100 

.0000 

.0060 



Althougrh  these  results  are  not  exact  checks  with  the  theoretical 
values,  still  they  indicate,  it  is  thougrht,  that  it  may  be  possible  en- 
tirely to  recover  the  inorgranic  phosphorus  added  to  these  extracts; 
this  in  turn  indicating:  in  the  case  of  wheat  bran,  that  it  is  possible 
to  make  a  quantitative  separation  of  phytin  and  inorganic 
phosphorus. 

Working:  with  such  extracts,  however,  results  were  always 
complicated  by  the  uncertain  amount  of  inorg^anic  phosphorus  in  the 
extract  itself.  Figfures  representing:  this  factor  were  obtained^  it 
is  true,  but  there  was  no  means  of  proving:  whether  they  represented 
the  actual  values  or  not.  Lack  of  a  standard  resulted  in  an  element 
of  uncertainty  as  to  the  above  values  of  .0091,  .0096  and  .0090  for 
pyrophosphate  in  100  c.  c.  of  the  extracts,  although  they  are  believed 
to  be  approximately  correct. 

It  was  thought  that  if  a  pure  phytin  could  be  prepared,  free 
from  inorganic  phosphorus,  it  would,  by  eliminating  this  unknown 
factor,  be  possible  to  prove  definitely  whether  a  separation  between 
phytin  and  inorganic  phosphorus  could  be  made  quantitative. 
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It  can  be  readily  seen  that  such  a  preparation  is  attended  by  the 
same  difficulties  as  is  a  quantitative  determination  of  inor^ranic 
phosphorus  in  the  presence  of  phytin. 

While  working"  on  the  relative  solubilities  of.  magnesium  am- 
monium phosphate  and  phytin,  it  was  found  that  although  both 
substances  are  practically  insoluble  in  95  percent  alcohol,  a  decided 
difference  exists  if  the  alcohol  contains  a  very  small  quantity  of 
mineral  acid. 

It  was  found  further,  that  in  100-lSO  c.  c.  of  95  percent  alcohol 
containing  0.2  percent  of  nitric  acid,  the  quantities  of  magnesium 
ammonium  phosphate  commonly  worked  with  were  completely 
soluble,  when  the  precipitated  phosphate  was  shaken  up  with  the 
reagent.  On  the  other  hand,  phytin  as  precipitated  from  feeding 
materials  appeared  to  be  insoluble. 

This  suggested  a  means  of  separation,  and  at  the  same  time  a 
means  of  preparing  inorganic-phosphorus-free  phytin.  With  the 
latter  object  in  view,  a  sample  of  phytin  was  prepared  as  follows: 

A  large  quantity  of  wheat  bran  was  finely  ground,  and  extracted 
for  several  hours  with  0.2  percent  hydrochloric  acid.  The  coarse 
bran  .was  strained  out  by  the  use  of  linen,  and  then  the  extract  was 
filtered  by  suction  through  paper  in  a  Buchner  funnel.  A  fairly 
clear  filtrate  was  thus  secured.  This  filtrate  was  precipitated  with 
a  largfe  volume  of  magnesia  mixture,  and  immediately  filtered,  as 
above,  by  suction.  Ma^fnesia  mixture  was  used  in  order  to  have 
conditions  similar  to  those  of  the  regular  quantitative  method. 
The  precipitate  was  washed  thoroughly  with  water.  This  gave  a 
very  white,  soft  mass  of  fairly  pure  phytin.  This  precipitated 
phytin  was  then  dissolved  in  a  large  volume  of  very  dilute 
hydrochloric  acid,  and  freed  by  filtration  from  a  small  residue  of 
starchy  material.  The  filtrate  was  agrain  precipitated  with  magnesia 
mixture,  and  washed  as  before.  This  was  repeated  some  8  or  10 
times.  The  washed  precipitate  was  then  macerated  in  a  mortar 
with  a  small  quantity  of  95  percent  alcohol  containing  0.2  percent 
of  nitric  acid.  A  considerable  volume  of  the  same  reagent  was  then 
added,  and  the  whole  mass  shaken  thoroughly  in  a  flask  until  the 
lumps  were  broken  up.  This  was  then  filtered  again  by  suction^ 
washed  thoroughly  with  the  alcohol  reagent,  and  the  maceration  and 
filtration  repeated  several  times.  Finally  the  precipitate,  after 
thorough  washing  with  the  acid-alcohol,  was  washed  free  from  acid 
with  absolute  alcohol,  and  then  dried  at  50-60^  C. 

The  product  thus  obtained  was  very  white,  and  gave  only  an 
exceedingly  faint  test  for  inorganic  phosphorus,  the  quantity  of 
pyrophosphate  from  one  gram  of  material  being  unweighable. 
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This  test  of  its  purity  was  made  by  precipitating'  the  phytin  in 
0.2  percent  nitric  acid  solution  with  lead  nitrate,  filtering  and  testing: 
the  filtrate  with  official  molybdate  solution.  Tested  directly,  the 
sample  would  of  course  give  no  test,  since  the  yellow  precipitate 
would  be  totally  suppressed  by  the  phytin. 

It  is  thought  that  separation  was  effected  by  the  rapid  filtration 
of  the  precipitated  phytin,  giving  any  inorganic  phosphorus  present, 
insufficient  time  to  form  magnesium  ammonium  phosphate,  and  also 
by  the  solvent  action  of  the  acid-alcohol  on  the  inorganic  phosphates 
present. 

On  this  prepared  phytin  sample,  determinations  were  made  in 
an  attempt  to  recover  added  inorganic  phosphorus. 

Using  the  lead  nitrate  method,  better  results  were  obtained 
than  before,  although  exact  recovery  seemed  impossible,  due  again 
doubtless  to  the  slight  solubility  of  the  lead  phytate  formed,  in  the 
acid  present,  with  a  subsequent  decomposition  by  the  acid  in  the 
molybdate  solution. 

The  acid-alcohol  separation  was  accordingly  tried  on  this 
prepared  sample. 

In  each  case  0.1  gram  of  phytin  was  dissolved  in  100  c.  c.  of  0.2 
percent  hydrochloric  acid.  Inorganic  phosphorus  in  the  form  of 
di-sodium  phosphate  was  then  added.  The  solution  was  then 
precipitated  with  magnesia  mixture  and  ammonia.  The  next 
morning  the  solutions  were  filtered,  and  the  precipitate  washed, 
first  with  dilute  ammonia,  and  then  with  95  percent  alcohol.  After 
draining,  the  paper  with  the  precipitate  was  placed  in  a  flask  con- 
taining 150  c.  c.  cf  95  percent  alcohol,  which  contained  in  turn,  0.2 
percent  of  nitric  acid.  This  flask  was  then  shaken  vigorously  until 
the  paper  and  precipitate  were  thoroughly  disintegrated.  The 
contents  were  then  filtered  through  a  dry  filter,  and  100  c.  c.  of 
filtrate  placed  in  a  beaker.  This  filtrate  was  then  treated  as 
follows: 

Method  I.  Alcoholic  filtrate  was  made  alkaline  with  ammonia; 
filtered  through  a  Gooch  crucible;  washed  with  alcohol;  dissolved  in 
dilute  nitric  acid,  and  precipitated  with  molybdate  solution. 

Method  n.  Same  as  Method  I  except  that  alcoholic  filtrate  was 
precipitated  with  magnesia  mixture,  instead  of  plain  ammonia. 

Method  III.  Five  grams  solid  ammonium  chloride  were  added 
to  the  acid-alcohol  containing  the  paper  and  precipitate,  and  shaken 
up  with  the  latter.    The  solution  was  then  treated  as  in  Method  I. 

Method  IV.  Alcoholic  filtrate  was  precipitated  with  magnesia 
mixture;  precipitate  dissolved  in  dilute  nitric  acid,  made  alkaline, 
and  precipitated  direct  with  magnesia  mixture,  ignited  and  weighed 
in  the  usual  way. 
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Determinations  were  made  in  triplicate.  The  blank  on  the 
inorganic  phosphorus  added,  was  equivalent  to  .0272  grram 
magnesium  pyrophosphate. 

COMPARISON  OP  MBTHOD8  POR  PRBCIPITATING  INOROANIC 
PHOSPHORUS  PROM  ACID-ALCOHOL  SOLUTION 


Pyrophosphate 

equiTalent  to 

hK>rffaiik 

phosphorus 

added 

Grains 

Maffnesium 

pyrophosphate 

reoorered 

Grams 

Correspoodinr 
amounts  o( 
phosphorus 

Grams 

1 1 

Metbod  I 

.0272 

•  .0272 
i.0272 

\:^ 

I.0Z72 

.0272 

•  .0272 
1.0272 

\-^ 

.0272 

.0266 

\:^ 

.0267 

[^ 

1.0273 

'  .0272 
1.0273 

.0075 

•  .0074 
.0074 

l^\ 

1.0074 

.0077 

•  .0078 
.0076 

Method  II 

6    t 

if 
If 

Mirthod  ITT  > 

Method  IV 

Since  all  these  determinations  are  within  the  limit  of  mechanical 
error  the  indication  is  that  the  separation  was  quantitative. 

The  method  was  also  used  on  wheat  middlings.  Fifty  grams 
were  extracted  for  3  hours  with  1200  c.  c.  of  0.2  percent  hydrochloric 
acid  containing  25  c.  c.  of  90  percent  phenol.  The  extract  was 
filtered  through  paper  by  suction,  and  varying  quantities  used  in 
the  determinations.  Inorganic  phosphorus  was  added,  and  the 
method  followed  as  outlined  above,  the  alcoholic  filtrate  being 
treated  as  in  Method  I. 

SEPARATION  OP  INORGANIC  PHOSPHORUS  AND  PHYTIN  BY 
ACID  AIXOHOL 


Pyrophosphate 

equiTalent  to 

Volumes 

Maffnesium 

Calculated 

No. 

inorvank: 

of 

pyrophosphate 

weiffhtsof 

phosphorus 
added 

extract 

recoTered 

pyrophosphate 

Grams 

C.  C. 

Grams 

Grams 

13 

.0272 

100 

.0366 

.0355 

14 

.0272 

100 

.0364 

,(jS!iR 

15 

.0272 

80 

.0340 

.0339 

16 

.0272 

00 

.0312 

.032S 

17 

..0272 

60 

.0311 

.0314 

18 

•0272 

40 

.0303 

.0900 

19 

.0272 

26 

,(IQBR 

fl 

;gg 

10 
6 

;^ 

;^ 

.0000 

100 

.0063 

23 

.0000 

100 

.0062 

M 

.0000 

100 

.0062 
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Taking*  into  consideration  mechanical  errors,  etc.,  the  results 
are  as  close  as  could  be  expected. 

Using  Method  11  as  detailed  on  page  474,  some  common  f eeding- 
materials  were  tested  for  inorganic  phosphorus.  Total  phosphorus 
was  determined  by  the  Neumann  method.  Determinations  were 
made  in  triplicate. 

These  triplicate  determinations  were  made  on  separate  10-gram 
samples  of  the  feeding  material,  and  not  on  the  same 
solution. 


TOTAL  AND  INORGANIC  PHOSPHORUS  IN  CERTAIN  FOODSTUFFS. 

Total  phosphorus 

Inorganic 
phosphorus 

Arerage 
inorganic 
pbosphoras 

Percent 

Percent 

Percent 

Alfalfa 

0.23 

0.135 

0  136 

CloTer  hay. 

0.171 

0.104 

•  0.103 

0.104 

0.104 

Com  nioal i.....-..r.--...ii-T... 

0.266 

0.040 

•  0.042 

lost 

0.041 

Soy  beans 

0.M7 

0.054 

•  0.054 

lost 

0.054 

Cow  peas *■ 

0.445 

0.006 

•  0.065 

0.066 

• 
0.006 

011^. , 

0.367 

0.061 

•^0.060 

lost 

0.060 

WhMit .   ,   ,  r  ,  ,    t  .   ,  r    T  t 

0.394 

0.036 

0.096 

Brewer's  grains 

0.402 

0.012 
•  0.011 

0.013 

Distiller's  grains,  from  com 

0.366 

1 0.015 
0.060 

O.Ott 

RioepoUsh..  ..» 

0.60 

0  026 

•  0.027 

0.027 

0.027 

Since  these  triplicates  represent  separate  samples  of  the 
feeding  material,  their  close  agreement  indicates  that  this  method 
is  consistently  workable. 

The  elimination,  which  seems  to  have  been  attained,  of  organic 
phosphorus  compounds  from  the  solution  in  which  the  inorganic 
phosphorus  is  finally  precipitated,  precludes  the  possibility  of  magr- 
nesium  oxide  or  proteid  phosphorus  being  present  as  an  impurity 
';n  the  inorganic  phosphorus  precipitate.     Further,  in  those  samples 
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which  contain  phytin,  the  acid-alcohol  separation  eliminates  the 
factors  (1)  of  suppression  of  the  yellow  precipitate  by  the  phytin, 
and  (2)  of  decomposition  of  the  phytin  by  acid  in  the  rea^rents  used 
in  precipitating:  inorganic  phosphorus.  Inorganic  phosphorus  alone 
appears  to  be  preseftit  in  the  final  solution  obtained,  and  a  clear-cut, 
normal,  phosphorus  determination  results. 

After  considerable  use  of  phenol  in  this  precautionary  way,  we 
made  a  further  test  of  its  value  on  middlings,  alfalfa  and  distiller's 
grstins.     The  results  were  as  follows: 

BPPBCT  OP  PHENOL  IN  INORGANIC  PHOSPHORUS  B8TI1CATION 


Fbodstaff 

Tout 
pbospborus 

No 
phenol 

10  cc. 
phenol 

15cc. 
phenol 

Middlings  (1) 

.762 

.'sii 

.016 
.066 
.130 
.407 

.414 

.046. 

:?§ 

.414 

Middltnffm  (2) 

Alfalfa 

Distiller's  ffrains 

These  determinations  were  made  by  our  final  acid-alcohol 
method.  These  results  incline  us  to  the  belief  that  in  these  feeds, 
at  least,  there  is  not  an  appreciable  splitting  off  of  inorganic  from 
organic  phosphorus  compounds  by  enzymes  during  the  course  of 
our  three-hour  extraction,  and  hence  that  the  use  of  phenol  is 
probably  not  necessary.  In  a  further  test  of  this  point  we  got 
exactly  the  same  figure,  .0459  percent,  for  inorganic  phosphorus  in 
wheat  middlings,  both  .with  and  without  the  presence  of  phenol 
during  extraction. 

In  another  test  of  the  same  point  we  determined  inorganic 
phosphorus  in  wheat  middlings,  distiller's  grains  and  alfalfa,  both 
with  and  without  the  presence  of  phenol  during  extraction.  The 
differenced  due  to  the  presence  of  phenol  were  immaterial.  There 
was  no  evidence  of  benefit  from  the  use  of  phenol,  and  hence  it  seems 
much  preferable-  not  to  introduce  this  strong  reagent  into  the 
determination. 

In  an  attempt  to  shorten  our  provisional  method  we  made  three 
sets  of  determinations  of  inorganic  phosphorus  on  wheat  middlings, 
two  on  distiller's  grains,  and  two  on  alfalfa,  in  which  we  sought  to 
determine  whether  a  precipitation  with  magnesia  mixture  should 
follow  the  separation  of  inorganic  phosphorus  from  phytin  in  acid 
alcohol,  or  whether  we  might  evaporate  the  acid-alcohol  solution  of 
inorganic  phosphorus,  take  up  with  acid,  and  proceed  with  the  final 
estimation  of  phosphorus  in  the  official  gravimetric  way  by 
precipitation,  first  with  acid  molybdate  solution,  then  with  magnesia 
mixture,  and  burning  to  the  pyrophosphate. 
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In  all  cases  the  results  by  these  two  methods  were  either 
.  absolutely  or  practically  identical,  and  hence  we  conclude  that  a 
ma^rnesia  precipitation  after  the  acid-alcohol  separation  of  phytin 
and  inorgfanic  phosphorus  is  unnecessary. 

A  similar  test  was  made  of  acid  and  neutral  molybdate  eolutions 
in  the  final  precipitation  of  inorganic  phosphorus,  in  the  latter  case 
only  sufficient  nitric  acid  being  added  to  cause  a  separation  of  the 
yellow  precipitate.  This  comparison  was  made  by  our  final  method, 
in  which  the  phosphorus  estimation  is  made  directly  after  the  acid- 
alcohol  separation  of  inorga.nic  phosphorus  and  phytin,  and  also  by 
the  earlier  provisional  method  in  which  a  magnesia  precipitation 
intervened  between  the  acid-alcohol  separation  and  the  phosphorus 
estimation.  The  results  were  practically  the  same,  and  hence  our 
only  basis  for  choice  between  these  methods  was  ease  and  rapidity 
of  manipulation. 

ROUTINE   METHOD 

In  detail  the  final  method  adopted  for  inorganic  phosphorus  in 
plant  substances  is  as  follows: 

Pour  exactly  300  c.  c.  of  .2  percent  hydrochloric  acid  onto  10 
grams  of  the  finely  ground  sample  in  a  400  c.  c.  Florence  flask. 
Close  vnth  a  rubber  stopper,  and  shake  at  intervals  of  5  minutes  for 
three  hours.     Filter  the  extract  through  dry  filters  into  dry  flasks. 

Owing  to  the  character  of  the  extracts  from  certain  feeding 
materials,  especially  soy  beans  and  oats,  it  may  be  necessary  to  use 
gentle  suction  toward  the  end  of  the  filtration.  To  prevent  rupture 
of  the  filter  paper,  a  platinum  cone  may  be  used.  A  Witt  filtering 
apparatus  is  a  convenience  in  this  work.  Filtration  of  the  extract  is 
facilitated  in  many  cases  by  the  use  of  about  one  inch  of  fine  sand  in 
the  point  of  the  filter  paper. 

Measure  out  a  250  c.  c.  portion  of  •  this  filtered  extract,  and 
precipitate  in  a  400  c.  c.  beaker  with  IS  c.  c.  of  magnesia  mixture 
and  30  c.  c.  of  strong  ammonia.  Allow  to  stand  over  night,  and 
filter  through  doubled  11  cm.  S.  &  S.  No.  S9S  filters,  taking  care  to 
decant  as  long  as  possible  without  pouring  out  the  precipitate. 
Then  complete  the  transfer  of  the  precipitate  to  the  ]{)aper. 

This  filtration  also  may  be  hastened  toward  the  end  by  suction, 
using  a  platinum  cone  to  keep  the  paper  intact. 

This  precipitate  consists  of  magnesium  ammonium  phosphate, 
together  with  phytin,  when  this  compound  is  present  in  the  sub- 
stance involved,  and  small  quantities  of  variously  colored  unknowns. 

Wash  several  times  with  2.5  percent  ammonia,  and  then 
several  times  with  95  percent  alcohol  until  free  from  ammonia.  This 
result  may  be  hastened  by  also  washing  with  alcohol  between  the 
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two  filters.  The  alcohol  clears  up  the  precipitate  by  dissolving  out 
a  larg'e  part  of  the  variously  colored  compounds  other  than  phytin 
and  magnesium  ammonium  phosphate.  Allow  the  remaining 
precipitate  to  drain,  and  then  spread  out  the  inner  paper  on  the  top 
of  the  funnel,  and  allow  the  alcohol  to  evaporate. 

When  practically  dry,  place  this  inner  paper  with  the  precipitate 
into  an  Erlenmeyer  flask.  Add  100  c.  c.  of  95  percent  alcohol 
containing:  0.2  percent  of  nitric  acid.  Close  the  flask  with  a  rubber 
stopper  and  shake  vigorously  until  the  paper  is  thoroughly  broken 
up.  If  the  precipitate  is  flaky,  and  refuses  to  break  up  on  shaking:, 
allow  to  stand  in  the  acid-alcohol  over  night. 

Now  filter  through  a  dry,  double  filter  into  a  dry  flask.  Pipette 
out  75  c.  c.  of  the  filtrate  into  a  small  beaker,  and  evaporate  almost 
but  not  quite  to  dryness.  Dissolve  in  dilute  nitric  acid,  and  filter  if 
necessary;  then  determine  phosphorus  in  the  usual  gravimetric 
way,  by  precipitation  first  with  acid  molybdate  solution,  later  with 
magnesia  mixture,  and  then  burning  to  the  pyrophosphate.  Re- 
precipitation  has  been  found  to  be  unnecessary. 

The  result  as  obtained  above  represents  6.25  grams  out  of  the 
original  10  grams  of  material,  and  so  to  reduce  to  a  1-gram  basis 
multiply  by  .16. 
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ESTIMATION  OF  INORGANIC  PHOSPHORUS 
IN  ANIMAL   TISSUES 

The  most  valuable  method  known  to  us  for  the  determination  of 
norganic  phosphorus  in  animal  tissues  has  been  that  of  Emmet 
ind  Grindley*.  This  method  was  worked  out  for  use  on  muscular 
issue,  and  for  this  purpose  we  have  found  it  to  be  accurate  and 
tatisfactory.  Attempts  to  use  this  excellent  method  with  tissues 
>ther  than  muscle ,  however,  showed  further  study  of  the  problem 
;o  be  necessary.  After  thoroug'h  trial  we  have  adopted  a  method 
or  our  work,  which  is  equally  applicable  to  muscle,  liver,  kidney  and 
)rain,  and  which  while  giving*  identical  results  with  Emmet  and 
jrrindley's  method  when  used  on  muscle,  has  the  advantage  over 
this  method  of  being  somewhat  more  easily  workable,  and  of  saving 
)ne  precipitation  which  is  often  necessary  in  the  use  of  Emmet  and 
Srindley's  method  on  muscle,  and  which  is  always  necessary  when 
this  method  is  used  on  liver,  kidney  and  brain. 

The  difficulties  encountered  in  our  attempts  to  make  general 
Qse  of  Emmet  and  Grindley's  method  for  muscle,  on  other  tissues, 
were  in  the  filtration  of  the  cold-water  extracts,  and  in  getting 
oncontaminated  precipitates  of  inorganic  phosphorus. 

Cold-water  extracts  of  liver,  kidney  and  brain  are  not  filterable 
by  usual  methods.  Coagulation  by  boiling  renders  easy  the 
filtration  of  liver  extract,  and  renders  possible  the  filtration  of  the 
extract  of  kidney,  but  does  not  assist  materially  in  the  filtration  of 
the  extract  of  brain. 

Further — after  finding  workable  methods  for  coagulating  and 
filtering  the  extracts,  the  neutral  molybdate  precipitation  of  Emmet 
and  Grindley^s  method  gave  us  bulky,  flocculent,  organic  precipi- 
tates, especially  in  the  case  of  liver,  kidney  and  brain,  which  by 
obscuring  the  formation  of  the  yellow  precipitate,  rendered  impos- 
sible an  accurate  judgment  as  to  the  amount  of  acid  necessary  to 
the  completion  of  the  precipitation.  These  bulky,  flocculent 
precipitates  re^issolve  in  ammonia,  and  reappear  in  the  precipitate 
with  magnesia  mixture.  The  possibility  of  adding  phosphorus  or 
magnesia  to  the  pyrophosphate  through  their  presence  in  the 
above-mentioned  flocculent,  organic  precipitates,  contributes  an- 
other item  of  uncertainty  and  possible  inaccuracy  to  the  use  of  this 
method  when  we  attempt  to  apply  it  to  liver,  kidney  and  brain. 

^Jonrn.  Am-  Cbem.  Soc.  Vol.  28»  p.  26. 
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In  our  study  of  methods  of  preparation  of  the  water-extract  for 
filtration,  we  found  that  boiling  and  treatment  with  ammonium 
sulphate  would  render  the  extracts  of  any  of  these  tissues  readily 
filterable. 

After  a  trial  of  various  methods  on  brain,  we  found  most 
satisfactory  results  obtainable  by  boiling:  the  extract  for  a  few 
moments,  the  exact  time  being*  immaterial,  then  adding  ammonium 
sulphate  in  solution,  and  continuing  to  boil  for  about  ten  minutes. 

The  various  difficulties  of  precipitation  and  filtration,  incident 
to  the  preliminary  molybdate  precipitation,  were  obviated  by  direct 
precipitation  of  the  inorganic  phosphorus,  from  the  coagulated  and 
filtered  extracts,  with  magnesia  mixture.  This  gives  us  a  precipi- 
tate of  approximate  purity,  results  in  a  very  great  saving  of 
time  in  filtration,and  obviates  the  possibility  of  hydrolysis  of  organic 
phosphorus  compounds  by  the  nitric  acid  used  in  precipitation  with 
ammonium  molybdate. 

This  precipitate  with  magnesia  mixture  is  dissolved  and  re- 
precipitated,  first  with  official  aLcid  molybdate  solution,  and  then 
again  with  magnesia  mixture  in  the  usual  way,  and  the  phosphorus 
weighed  as  the  pyrophosphate. 

The  essentials  of  the  new  method  are  (1)  extraction  of  the  in- 
organic phosphates  with  hot  water,  (2)  boiling  the  extracts  with 
ammonium  sulphate  to  render  them  filterable,  (3)  direct  preliminary 
precipitation  with  magnesia  mixture,  and  (4)  a  number  of  important 
mechanical  details  of  procedure. 

Our  first  work  on  this  problem  was  an  attempt  to  use  Emmet 
and  Grindley's  method  for  muscle,  on  liver,  kidney  and  brain.  We 
proceeded  as  follows: 

The  muscle  extract  was  prepared  with  cold  water  according  to 
Grindley*. 

The  liver  extract  was  prepared  in  the  same  way,  but  was  heated 
on  the  steam  bath  in  order  to  render  it  filterable  through  paper. 

The  kidney  extract  was  prepared  in  the  same  way  as  the  liver 
extract,  but  was  not  filterable  through  paper.  This  solution  was 
filtered  through  sand  in  the  cone  of  a  linen  filter  such  as  is  used  in 
crude-fiber  determinations. 

The  brain  extract  contains  practically  the  whole  of  the  brain 
substance,  the  addition  of  water  simply  diluting  the  paste.  It  was 
not  filterable  hot  or  cold,  through  paper,  linen  or  sand.  This 
solution  was  rendered  filterable  by  bringing  to  a  boil,  adding 
ammonium  sulphate,  and  continuing  to  boil  for  ten  minutes.  It  wag 
then  passed  through  sand  on  linen. 

*Joiim.  Am.  Chem.  Soc.,  Vol.  27,  p.  688. 
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We  now  had  (1)  a  cold-water  extract  of  muscle,  (2)  hot-water 
extracts  of  liver  and  kidney,  and  (3)  a  hot-water-ammonium  sulphate 
extract  of  brain. 

Measured  portions  were  concentrated  by  boiling  in  order  to 
reduce  the  bulk  and  to  coagulate  proteids,  and  were  then  filtered 
•through  paper,  and  washed  with  water,  but  not  without  difficulty  in 
the  case  of  liver,  kidney  and  brain. 

Proceeding  by  the  method  of  Emmet  and  Grindley,  we  treated 
the  extracts  with  neutral  molybdate  solution  and  3  c.  c.  of  1.20  nitric 
acid,  as  specified,  to  effect  the  separation  of  the  yellow  pre- 
cipitate. 

In  the  case  of  liver,  kidney  and  brain,  it  was  found  that  3  c.  c.  of 
nitric  acid  were  insufficient.  Two  cubic  centimeters  in  addition, 
five  in  all,  were  found  necessary,  because  of  the  abundance  of 
organic  matter  in  these  solutions,  and  10  grams  of  ammonium 
nitrate,  instead  of  5  grams  as  specified  by  Emmet  and  Grindley, 
were  found  necessary  with  the  brain,  where  we  had  added 
ammonium  sulphate. 

The  results  were  not  satisfactory.  The  liver,  kidney  and 
brain  extracts  gave  abundant  flocculent  precipitates,  greenish 
colored  with  the  liver,  nearly  white  in  the  case  of  the  brain,  and  of  an 
intermediate  grayish  color  with  the  kidney.  These  contaminations 
80  masked  the  yellow  precipitate  that  accurate  judgment  as  to  the 
completeness  of  the  precipitation  was  impossible. 

The  precipitates  were  filtered  out,  and  reprecipitated  with 
official  acid  molybdate  solution.  The  contaminations  persisted  in 
all  cases  except  with  muscle. 

The  yellow  precipitates  were  redissolved,  and  precipitated  in 
the  usual  way  with  magnesia  mixture. 

These  last  precipitates  were  obviously  impure.  With  the 
brain  an  abundant,  white,  flocculent  contamination  was  present, 
while  with  the  liver  and  kidney  the  precipitates  were  highly  colored. 

The  results  with  muscle  were  satisfactory. 

The  pyrophosphates  from  liver,  kidney  and  brain  were  boiled 
with  nitric  acid,  and  precipitated  once  more  with  magnesia  mixture, 
but  the  results  were  of  doubtful  value. 

We  next  attempted  the  precipitation  of  inorganic  phosphates 
with  dilute  solutions  of  calcium  and  ferric  chlorides.  The 
gelatinous  precipitate  was  difficult  to  wash,  and  probably  on  this 
account,  gave  slightly  higher  results  on  muscle  than  did  Emmet 
and  Grindley's  method. 

The  direct  precipitation  of  the  concentrated  cold-water 
extract  of  muscle  with  magnesia  mixture  was  now  tried,  fol- 
lowed   by    precipitation,  first    with    official     molybdate     solution, 
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and  then  with  magnesia  mixture,  and  this  gave  results  iden* 
tical  with  others  obtained  by  the  Emmet  and  Grindley 
method. 

This  method  was  therefore  given  a  careful  trial.  The  points 
which  we  sought  to  determine  were  (1)  whether  or  not  the  use  of 
heat  and  ammonium  sulphate  gave  the  same  inorganic  phosphorus 
content  in  the  extract  as  Grindley 's  cold-water  extraction,  and 
(2)  whether  or  not  the  direct  precipitation  with  magnesia  mixture 
effected  a  complete  precipitation  of  the  inorganic  phosphates  with- 
out bringing  down  other  phosphorus  compounds  to  contaminate  the 
pyrophosphate. 

COMPARISON  OP  BfBTHODS  POR  THB  BSTIMATION  OP 
INORGANIC  PHOSPHORUS  IN  MBAT 


Grams  magnesium  pyrophosphate  per  ffram  fresh  subetanoe 

Emmet  and  Grindley*s 
Method 

Precipitated    (1)   with 
neutral  molybdate  and 
minimum  of   acid,   (2) 
with  official  acid   mo- 
lybdate, (3)  with  maff- 
nesia  mixture,  and  (4) 
with  mavnesia  mixture 

Magnesia  Method 

Precipitated  (1)   with 
maamesia  mixture,  (2) 
with  official    acid  mo- 
lybdate, and   (3)  with 
mairnesia  mixture 

Acid-Alcohol  Method 

Precipitated    (1)  with 
magnesia  mixture.and 
dissolved  in  acid  aloo- 
hoU  (2)  with  magnesia 
mixture,  (3)withoffidsl 
acid  molybdate,  and  (4) 
with  magnesia  mixtore 

Muscle  sample  No.  1 
Cold-water  extract 

.0019 
.0049 
.0047 

.0051 
.0061 
.0050 

.0047 

Muscle  sample  No.  1 

Boiled  with  ammonium 
sulphate 

.0050 
.0051 
.0049 

.0060 
.0050 
.0050 

.0049 
.0049 
.0061 

Muscle  sample  No.  2 
Cold-water  extract 



.0056 
.0063 
.0054 

.0053 
.0053 
.0064 

Muscle  sample  No.  2 
Hot-water  extract 

.0066 
.0056 
.0066 

Muscle  sample  No.  2 

Boiled  with  ammonium 
sulphate 

.OOM 
.0054 
.0064 

.0056 
.0066 
.0064 

Liver  sample  No.  1 

Hot-water  extract;   am- 
monium sulphate  added, 
then  concentrated  by 
boilinff 

.0049 
.0049 
.0050 

.0048 
.0049 
.0949 

Liver  sample  No.  1 

Boiled  with  ammonium 
sulphate 

.0047 
.0049 
.0048 
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The  above  table  sets  forth  our  results  in  this  work.  The 
figrures  represent  the  weigrht  of  pyrophosphate  from  the  inorganic 
phosphorus  in  one  gram  of  meat. 

In  making  these  determinations  the  amount  of  meat  represented 
by  each  precipitate  was  about  three  grams. 

With  a  cold-water  extract  of  muscle  sample  No.  1,  we  compared 
Emmet  and  Grindley's  method,  with  our  magnesia  method,  and  also 
with  our  acid-alcohol  method,  which  we  have  adopted  for  vegetable 
substances. 

The  triplicates  agree  almost  exactly,  and  the  determinations  by 
the  different  methods  also  agree,  the  differences  being  well  within 
the  limit  of  legitimate  error  of  work.  This  excellent  agreement  in 
results  by  three  different  methods,  shows  that  the  inorganic 
phosphorus  of  flesh  is  a  definite  part  thereof,  and  that  it  is 
susceptible  of  accurate  estimation. 

The  agreement  three  times  each  by  three  well-considered 
methods  also  shows  that  they  are  all  probably  correct. 

The  acid-alcohol  method  is  as  long  as  the  Emmet  and  Grindley 
method,  and  was  included  in  this  trial  because  its  agreement  with 
the  other  methods  would  not  only  strengthen  them,  but  would  also 
tend  to  sustain  our  method  for  inorganic  phosphorus  on  vegetable 
substances.    The  results  fulfill  these  desired  conditions. 

The  magnesia  method  is  decidedly  the  best  of  the  three, 
however,  because  of  the  aforementioned  advantages  of  brevity, 
purity  of  precipitates,  and  ease  and  certainty  of  manipulation. 

A  second  extract  of  muscle  sample  No.  1  was  prepared  by 
boiling  with  ammonium  sulphate,  for  the  purpose  of  ascertaining 
what  effect,  if  any,  this  salt  might  have  in  our  estimation  of  inor- 
ganic phosphorus  in  other  tissues,  especially  in  kidney  and  brain, 
where  we  have  found  ammonium  sulphate  especially  useful  in  the 
preparation  of  the  extracts. 

The  close  agreement  of  our  triplicates  and  the  very  close 
agreement  of  the  results  by  each  of  the  three  methods,  and  the 
agreement  of  determinations  on  this  hot-water-ammonium  sulphate 
extract  with  the  equally  satisfactory  results  on  the  cold-water 
extract  show  that  ammonium  sulphate  is  without  effect  on  the 
estimation  of  inorganic  phosphorus,  due  regard  being  given,  of 
course,  in  the  Emmet  and  Grindley  method,  to  the  sulphuric  acid 
radical  which  this  salt  introduces  into  the  solution. 

With  a  second  sample  of  muscle  we  compared  the  magnesia 
method  and  the  acid-alcohol  method  on  a  cold-water  extract,  with 
the  magnesia  method  on  a  hot-water  extract,  and  with  the  Emmet 
and  Grindley,  and  the  magnesia  methods  on  a  hot-water-ammonium 
sulphate  extract. 
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The  three  methods  agrain  checked  remarkably  well,  and  there 
appears  to  be  no  difference  in  the  inorgfanic  phosphorus  contents 
of  the  cold-water,  the  hot-water,  and  the  hot-water-ammonium 
sulphate  extracts. 

With  a  sample  of  hog  liver  we  compared  two  methods  of  use  of 
ammonium  sulphate.  In  one  case  the  tissue  was  boiled  with .  the 
sulphate,  as  in  the  preparation  of  the  extract  of  brain  and  kidney, 
while  in  the  other  the  sulphate  was  added  to  the  filtered  hot-water 
extract,  and  was  present  only  during  the  concentration  of  the 
extract  by  boiling. 

The  magnesia  method  once  more  gave  identical  results  'with 
those  from  the  acid-alcohol  method,  and  the  presence  of  ammonium 
sulphate  was  again  found  to  be  without  demonstrable  effect,  either 
on  the  extraction  or  the  estimation  of  the  inorganic  phosphorus. 

In  making  a  final  comparison  of  the  three  methods,  it  may  be 
said  that  the  amounts  of  phosphorus  found  by  the  three  are 
practically  identical,  but  with  slightly  higher  results,  just  per- 
ceptible, and  well  within  the  limit  of  error  of  work,  in  favor  of  the 
magnesia  method. 

The  details  of  our  magnesia  method  for  the  estimation  of 
inorganic  phosphorus  in  muscle,  liver,  kidney  and  brain  are  as 
follows: 

PREPARATION  OP   8AUPJJBS 

The  animals  whose  tissues  are  to  be  compared  must  be  killed 
in  the  same  way,  and  should  be  quickly  and  thoroughly  bled  in 
order  that  the  blood  content  of  the  tissues  may  be  the  result  of 
natural  conditions,  rather  than  differences  in  method  of  killing,  such 
as  varying  lengths  of  time  between  stunning  and  bleeding. 

In  order  to  get  a  definite  product  for  analysis,  the  brain  should 
be  freed  from  its  vascular  investing  coats  by  carefully  stripping 
these  away  with  forceps. 

The  gall  bladder  should  be  removed  from  the  liver,  and  also 
such  tough  connective  tissues  at  the  base  of  the  organ  as  would 
interfere  with  the  free  grinding  of  the  functional  liver  tissue. 

The  kidneys  are  removed  from  their  capsules;  the  fat,  blood- 
vessels and  ureter  are  removed  with  scissors  from  the  hilus,  and 
the  interior  of  the  organ  is  opened  and  freed  from  contents. 

The  muscular  tissue  is  freed  from  supei^cial  fat  and  from 
tendons. 

All  work  is  done  as  promptly  as  possible,  with  all  possible  pre- 
cautions to  prevent  evaporation. 
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The  tissues  are  prexmred  for  samplins:  by  ^indini^  with  an 
"Eclipse"  grrindcr.  An  electric  motor  attachment  is  a  great  saver  of 
labor,  and  by  facilitating  the  work,  helps  to  minimize  loss  of 
moisture  by  evaporation. 

The  materials  are  ground  three  times,  with  careful  mixing 
between  grindings,  and  samples  are  phiced  in  glass  jars  which  have 
screw  tops  lined  with  rubber.  The  bottles  of  ground  meat  arc 
then  frozen  up  as .  quickly  as  possible,  and  kept  in  this  condition 
until  the  determination  can  be  started. 

PRBPARATION  OP  EXTRACTS 

Weigh  by  difference  from  closed  weighing  bottles,  20-gram 
portions  of  liver,  kidney  or  muscle  into  400  c.  c.  beakers.  In  the  case 
of  brain,  weigh  out  likewise  about  20  grams,  but  divide  it  between 
two  250  c.  c.  beakers. 

Beat  up  in  a  little  cold  water,  to  separate  the  particles  of  meat; 
add  200  c.  c.  of  boiling  water  for  muscle,  liver  and  kidney,  and 
100  c.  c.  of  the  same  for  each  half  of  the  brain  sample,  and  bring  to 
boiling.  Add  ammonium  sulphate  in  solution  equivalent  to  1  gram 
for  each  10  grams  of  muscle,  liver  and  kidney,  and  to  4  grams  of 
the  same  for  each  10  grams  of  brain,  and  continue  to  boil  for 
10  minutes. 

Remove  from  the  flame;  allow  to  settle  for  a  moment,  and  decant 
the  boiling-hot  liquid  onto  18  cm.  folded  paper  filters,  for  muscle 
liver  and  kidney,  and  onto  sand  in  an  18  cm.  linen  filter  in  the  case  of 
brain. 

Add  100  c.  c.  of  boiling  water  to  the  liver,  kidney  and  muscle 
remaining  in  the  beakers,  and  in  the  case  of  brain  50  c.  c.  of  0.1 
percent  boiling  ammonium  sulphate  solution  to  each  half  of  the 
sample. 

Stir  for  about  8  minutes  in  the  case  of  liver,  kidney  and  muscle, 
and  for  about  one  minute  with  brain,  and  decant  the  liquid  onto  the 
filter.  Repeat  this  addition  of  100  c.  c.  portions  of  water,  (50  c.  c.  of 
0.1  percent  ammonium  sulphate  with  brain),  stirring  and  decanting 
five  times;  repeat  three  times  more  with  50  c.  c.  portions  of  boiling 
water  with  liver,  kidney  and  muscle,  and  with  25  c,  c.  portions  of 
0.1  percent  ammonium  sulphate  solution  with  brain.  With  the 
eighth  portion  of  water,  (or  0.1  percent  ammonium  sulphate), 
throw  the  entire  contents  of  the  beaker  onto  the  filter,  and  wash 
with  hot  water  from  a  wash  bottle,  with  liver,  kidney  and  muscle, 
and  with  hot  0.1  percent  ammonium  sulphate  solution  for  brain. 
The  two  i)ortions  of  brain  extract  are  combined.  The  extracts  of 
all  the  tissues  are  then  made  up  to  1000  c.  c. 
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It  is  especially  important  that  the  brain  extracts  be  kept  and 
handled  boiling-hot.  If  the  sand  filter  clogs  during  the  filtraticm, 
this  process  may  be  greatly  facilitated  by  lightly  scratching  over  the 
surface  of  the  sand  with  a  stirring  rod,  taking  care  not  to  touch  the 
linen. 

It  is  not  advisable  to  attempt  to  handle  more  than  10  grams  of 
brain  in  one  beaker,  on  account  of  the  necessity  of  completing  the 
filtration  promptly  while  the  solution  is  hot. 

DETERMINATION  OF  INORGANIC  PHOSPHORUS 

Measure  out  250  c.  c.  portions  of  the  extract  into  400  c.  c. 
beakers.  Evaporate  to  SO  c.  c.  by  gentle  boiling;  filter  while  hot, 
and  wash  with  boiling  water.  Cool,  and  add  10  c.  c.  magnesia 
mixture,  stirring  freely;  allow  to  stand  15  minutes,  and  add  10  c.  c. 
of  ammonia,  specific  gravity  .90.  Cover,  and  allow  to  stand  over 
night. 

On  the  next  morning  filter,  and  wash  the  precipitate  with  2.5 
percent  ammonia  water.  Dissolve  the  precipitate  on  the  filter 
paper  with  dilute  nitric  acid  into  the  same  beaker  in  which  the  first 
precipitation  was  made,  and  wash  the  papers  thoroughly  with  hot 
water. 

Render  the  resulting  solutions  nearly  neutral;  add  5  grams  of 
ammonium  nitrate;  heat  to  65^  C;  add  50  c.  c.  of  official  acid  molyb- 
date  solution,  and  keep  contents  at  60^,  stirring  frequently,  for 
2  hours. 

Then  continue  in  the  usual  way  for  the  gravimetric  estimation 
of  phosphorus  as  the  pyrophosphate.* 

Each  250  c.  c.  of  the  extract  will,  of  course,  represent  one-fourth 
of  the  original  sample,  and  therefore  will  contain  the  inor^fanic 
phosphorus  from  about  5  grams  of  fresh  substance. 

SUMMARY 

Inorganic  phosphorus  in  plant  and  animal  tissues  appears 
to  be  susceptible  of  practically  as  accurate  quantitative  estimation 
as  inordinary  inorganic  analysis. 

The  principle  of  our  method  of  inorganic  phosphorus  deter- 
mination in  plant  substances  is  (1)  extraction  of  the  inorganic 
phosphorus  with  .2  percent  hydrochloric  acid,  (2)  precipitation  with 
magnesia   mixture,    nucleinic   acid    being    removed    in    solution, 

(3)  dissolving  the  inorganic  phosphorus  out  of  this  precipitate  by 
the  use  of  acid-alcohol,   phytin    remaining  behind  vdth  the  paper, 

(4)  evaporation  of  the  alcohol  from  the  acid-alcohol  solution  of  the 
inorganic  phosphates,  followed  by  solution  of  the  phosphates  in  acid 
and  a  gravimetric  estimation  of  phosphorus  in   the   usual   way    by 

*Bul.  108,  Bur.  Chem.,  U.  S.  Dept.  Ajrr. 
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SPRAYING  MACHINERY 

By  W.  H.  GOODWIN 

Spraying  machinery  has  become  of  special  importance  during: 
recent  years  througfh  the  interest  in  fruit  growing  aroused  among: 
farmers  and  fruit  growers  in  general.  Experiments  carried  on  by 
this  Station  have  proved  beyond  a  doubt  that  apples  and  other  fruits 
of  excellent  quality  can  be  profitably  raised  in  Ohio.  The  unusually 
high  price  which  good  fruit  has  commanded  during  the  past  five 
years  has  tended  to  attract  many  who  ordinarily  would  not  consider 
orcharding  as  a  vocation. 

The  fact  that  Ohio  has  a  large  amount  of  land  which  is  unsuited 
to  farming  but  will  make  excellent  orchard  land,  and  that  the 
northern  part  of  Ohio  is  tempered  by  the  Great  Lakes,  has  also 
stimulated  fruit  growers  to  make  use  of  what  nature  has  provided 
for  them.  The  intense  competition  of  the  Western  states  in  ship- 
ping fruit  into  a  fruit-growing  region  and  selling  it  where  poor, 
home-grown  fruit  could  not  be  marketed,  has  aroused  a  feeling  that 
Ohio  orchardists  could  raise  fruit  that  was  just  as  good,  and  they 
have  demonstrated  that  this  is  true.  These  orchardists  only  needed 
to  have  their  pride  stirred  up  to  set  them  at  work  to  duplicate  or 
excel  western  achievments. 

Because  so  many  people  are  totally  unacquainted  with  spraying 
operations  and  spraying  machinery,  the  preparation  of  this  bulletin 
has  been  undertaken.  It  is  the  hope  of  the  author  that  it  may  aid 
many  of  the  uninitiated  in  the  selection  of  a  machine  which  will  do 
what  is  desired  of  it. 

(491) 
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Spraying"  machinery  has  been  passing  through  a  period  of 
transition  during  the  last  decade,  and  pumps  used  for  different  kinds 
of  spraying  are  rapidly  becoming*  special  purpose  machines,  desi^fned 
to  spray  some  certain  crop  or  series  of  crops,  which  are  treated  in  a 
similar  manner.  For  example,  this  evolution  has  developed  a  traction 
machineof  large  capacity  which  will  furnish  liquids  at  high  pres- 
sures to  do  grape,  field  and  potato  spraying  thoroughly  with  a  mini- 
mum of  expense  for  labor  and  material.  This  is  usually  a  two-wheeled, 
traction-power  type  of  machine,  in  which  the  power  is  transmitted 
from  the  wheels  by  gears,  chains,  eccentrics,  or  cams,  and  the  horse 
does  the  work  instead  of  a  man  at  the  end  of  a  pump  handle. 

Sometimes  a  man  has  made  the  acquaintance  of  some  particular 
ma]:e  of  machine  and  knows  its  little  faults  so  well  that  it  may  be 
better  for  him  to  retain  this  machine  rather  than  purchase  some 
simpler,  less  troublesome  type  of  pump.  On  the  other  hand,  in  the 
present  period  of  evolution  in  spraying  machinery,  it  will  often  pay  a 
man  well  to  discard  his  old  favorite  for  some  more  modem,  more 
efficient  type  of  machine  which  is  better  suited  to  his  special  line  of 
work  and  better  adapted  to  the  particular  conditions  existing:  in  his 
locality. 

FACTORS  TO  BE  CONSIDERED  IN  CHOOSING  A  SPRAY  PUMP 

Capacity,  which  involves j  Weiirht 

Simplicity,  which  involves  . . .  )  ^^^^^JVip^ir"'  ''"^^ 

'  Quality  of  material 
Kind  of  material 
Workmanship 
Durability,  depending  upon . .  \  Correct  mechanical  principles 

and  designs 
Strength 
^  Weight 

Capacity  of  pump 

Type  of  pump 

Amount  of   labor   involved  in 

manufacturing 
Material  used 
,  Quality  of  material 

Capacity.  A  pump  of  larger  capacity  than  is  actually  needed  will 
always  prove  more  satisfactory  than  one  which  falls  short  of  the 
demands  made  upon  it.  As  trees  and  orchards  increase  in  size,  the 
importance  of  having  a  machine  which  will  enable  the  fruit  grower 
to  cover  a  considerable  area  quite  rapidly,  becomes  apparent.  The 
grower  must  either  purchase  a  new  machine  of  larger  capacity  or 
look  ahead  at  the  outset,  and  provide  for  the  future.  Four  acres  of 
good  bearing  orchard  is   worthy  of  a  power  sprayer  if  the   best 


Cost,  determined  by. 
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results  are  desired,  and  nothing  of  smaller  capacity  than  a  large  hand 
pump  st\ould  be  considered.  A  larger  or  smaller  orchard  will  require 
a  pump  proportionately  larger  or  smaller,  but  there  is  a  limit  for 
even  the  largest  machines,  and  twenty  acres  of  large  trees  is  about 
all  one  large  power  sprayer  was  ever  designed  to  spray. 

Simplicit]^.  Spray  pumps  should  be  as  simple  as  possible,  with 
a  minimum  of  parts  which  ordinarily  require  attention.  These 
parts  should  be  easily  replaced  when  worn,  and  should  not  be  ex- 
pensive when  replacement  becomes  necessary.  The  ideal  sought 
demands,  ease  of  repair^  a  minimum  of  parts,  and  these  readily  ao 
cessible^  when  worn,  or  not  working  properly.  Leaky  packing, 
clogged  valves,  worn  out  valves,  valve  seats,  cylinder  liners,  and 
plunger  packings  or  cups  must  all  be  considered  before  choosing  a 
pump  that  will  fulfill  its  mission  and  serve  the  purpose  for  which 
it  was  purchased. 

Durability.  On  the  quality  and  kind  of  material^  the  excellence 
of  the  workmanship^  together  with  weight  and  strength  depends  the 
durability  or  lasting  qualities  of  the  machine.  Good  design  is  also  an 
important  factor.  Cheapness  quite  often  means  that  inferior 
material  has  been  used,  and  that  inefficient  or  negligent  laborers, 
who  slight  their  work  by  accident  or  design,  have  been  employed  in 
the  pump's  manufacture. 

Designers  and  builders  of  pumps  often  seem  unwilling  to  adopt 
new  ideas  or  better  designs,  and  continue  to  build  the  same  type  of 
machine  that  they  did  ten  or  twelve  years  ago.  Such  machines  will 
squirt  liquid  after  a  fashion,  but  they  do  not  give  the  purchaser  the 
returns  desired  with  a  minimum  of  expense  for  labor  and  repairs. 

Some  machines  were  never  intended  by  their  designers  to  pump 
gritty  spray  solutions,  oil  emulsions,  caustic  solutions,  or  acid  oils  in 
emulsion  form,  and  consequently  will  not  prove  satisfactory.  The 
efficiency  of  a  pump  depends  largely  upon  the  construction  of  its 
valves,  valve-seats,  plunger,  cylinder  and  stuffing  box,  if  built  with 
the  last.  Air  chambers  are  also  very  important,  hence  these  subjects 
will  be  taken  up  under  separate  heads. 

The  body  or  frame  of  the  pump  should  be  heavy  and  strong 
enough  to  withstand  hard  usage  and  excessive  strain.  Bearings  are 
often  too  short,  gears  too  narrow  and  too  light  in  weight,  oil  cups  are 
omitted  where  they  are  needed,  and  the  frame  upon  which  the  machine 
is  mounted  is  so  light  that  it  is  warped  and  buckled  at  every  stroke  of 
the  pump. 

Air  Chambers  are  often  omitted  on  small  pumps  and  some  large 
machines  are  equipped  with  very  small  ones.  A  barrel  pump  is 
greatly  improved  by  the  addition  of  an  air  chamber  five  or  six  inches 
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in  diameter  and  about  two  feet  long.  Intake  and  hose  supply-pipes 
must  be  from  a  point  near  the  bottom  of  the  chamber  or  the.  value  of 
the  resilent  column  of  air  is  lost.  The  value  of  an  air  chamber  lies  in 
the  even  pressure  obtained,  in  the  taking  away  of  the  heavy  shock  upon 
valves,  and  of  the  sudden  strain  of  ten  put  on  other  parts  of  a  pump. 
A  good  air  chamber  also  eases  the  labor  of  the  man  at  the  handle  of 
the  pump  or  of  the  engine  which  is  furnishing  the  power.  The 
liquid  in  the  air  chamber  is  often  unagitated  unless  some  provision 
in  design  has  been  made  so  that  the  opening  of  a  nozzle  cut-o£E 
agitates  the  liquid  contained  in  the  air  chamber,  in  addition  to  the 
agitation  caused  by  the  supply  of  liquid  being  forced  into  the 
chamber. 

Cylinders.  Of  cylinders  we  have  several  types,  but  no  spray 
pump  cylinder  should  be  made  of  cast  iron  or  steel,  except  for  spray- 
ing miscible  oils  and  lime-sulfur  solution.  Brass  tubing  of  heavy 
weight  and  threaded  to  fit  the  cylinder  head  is  quite  a  common  design. 
Some  makers  use  a  brass  tubing  cylinder  clamped  between  the 
cylinder  heads.  Others  use  a  solid  cast  chamber  with  some  form  of 
a  brass  liner  or  cylinder  inside  of  the  cast  iron  one.  The  most  dur- 
able and  the  one  least  affected  by  spray  solutions  is  undoubtedly  the 
heavy,  cast  iron  cylinder  enameled  with  porcelain.  The  chief  obsta- 
cle to  the  use  of  such  a  cylinder  has  been  to  get  an  even  coat  of 
enamel  on  the  inside  of  the  machined  cylinder-casting,  or  a  plunger- 
packing  or  cup  which  would  have  suflBcient  resilency  to  adapt  itself 
to  the  uneven  wall  of  the  cylinder.  Some  of  the  manufacturers 
seem  to  have  solved  this  problem  in  a  satisfactory  way,  while 
others  claim  it  is  but  a  partial  success  when  used  in  the  type  of 
machine  which  they  manufacture. 

Valves.  Kinds  of  valves  are  almost  too  numerous  to  mention 
if  one  takes  into  account  the  variations  in  each  class.  We  may 
divide  them  into  four  classes:  ball,  poppet,  swing-check  and  steam- 
check  valves.  For  the  first,  three  materials  are  used:  rubber,  steel 
and  bronze,  the  latter  material  being  of  course  the  most  durable  for 
all-round  work.  Of  the  styles  of  poppet  there  are  many  which 
maybe  classified  as  follows:  plain,  square-faced  poppet  valves  with  rod- 
guide  to  hold  them  in  position  as  in  Fig.  1  of  the  plate  showing  valves. 
Fig.  2  shows  how  uneven  is  the  wear  on  such  a  valve.  Fig.  3  shows 
a  plain  poppet  valve  with  wing-blades  to  right  it  instead  of  a  rod. 
Fig.  5  is  a  bevel-faced,  wing-guided  poppet  valve,  which  approaches 
a  large  ball  valve  in  durability  and  efficiency,  when  it  is  made  so  that 
it  will  rotate.  Fig.  4  shows  a  modified  form  of  a  wing-guided  poppet 
valve,  with  a  rubber  or  leather  ring  to  improve  its  efficiency  in  help- 
ing to  retain  the  liquid  above  it.     Figs.  6,  8  and  10  are  ball  valves. 
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Figs.  6  and  8,  are  about  the  desired  size  to  give  the  maximum  o 
durability  and  efficiency.  The  minimum  size,  shown  in  Fig.  10 
should  not  be  less  than  three-quarters  inch  in  diameter,  and  th( 
upward  range  may  extend  to  one  and  three-eighths  inch  in  diam 
eter,  as  in  Fig.  8,  for  the  maximum  size,  in  large  power  pump.  Smal 
hand  pumps  may  have  ball  valves  as  small  as  one-hau  inch  ii 
diameter.  Poppet  valves  should  be  much  larger  in  proportion  t( 
the  amount  of  liquid  passing  through  them  than  should  the  bron2< 
ball-valves.  It  is  well  to  remember  that,  when  the  pump  is  running 
thd  valve  becomes  as  much  lighter  in  weight  as  is  the  weight  of  tb< 
amount  of  liquid  it  displaces,  hence  a  much  heavier  valve  can  be  usee 
than  a  novice  might  suppose. 


Qoulds  double  acting  pump  showing  arrangement  of  parts. 

Swing  check  and  steam  check  valves  are  types  designed  for  us\ 
in  water  and  steam  pipes.  Both  types  work  well  in  spray  pumps 
when  they  are  new,  but  their  lasting  qualities  in  a  spraying  machin^ 
are  yet  to  be  demonstrated.  A  flat  face  in  any  valve  wears  unevenh 
and  makes  a  leaky  valve  when  in  combination  with  a  flat  valve-seat,' 
Threads  or  waste  sucked  through  the  strainer  often  lodge  acrosJ 
the  square  edge  of  the  valve-seat  and  hold  grit,  hence  the  desirabilit] 
of  having  bevel  edges  in  valve-seats  so  that  such  material  will  no 
catch. 
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Valve  Seats.  Valve  seats  are  built  to  receive  the  type  of  the 
valve  used,  and  are  made  correspondingly  cheap  or  costly.  Iron 
valve-seats  are  common,  and  are  usually  found  in  ordinary  well- 
pumps.  Some  few  makers  use  a  rubber  or  leather  ring  as  a  secondary 
seat,  which  prevents  back  flow,  through  its  elasticity,  when  the 
weight  of  the  liquid  or  the  pressure  above  holds  the  valve  down.  One 
company  has  equipped  a  pump  with  hard  rubber  valve  seats,  but  the 
majority  of  the  manufacturers  use  a  removable  brass  valve-seat- 
Strange  to  say,  no  company,  as  far  as  I  know,  seems  to  have  tried 
to  build  valve-seats  of  the  harder,  non-corrodible  alloys — that  is,  those 
not  affected  by  spray  solutions.  In  valves,  a  large  part  of  the  wear 
is  on  the  valve-seat,  especially  in  the  case  of  the  bronze-ball  types. 
The  ball  may  wear  some,  but  constant  turning  keeps  it  a  perfect 
sphere,  while  the  valve-seat  is  hammered  and  worn  away  at  every 
stroke  of  the  pump,  making  plain  the  desirability  of  using  a  harder 
metal  for  a  valve-seat  than  is  used  for  the  ball.  I  think  that  any  man 
who  has  had  experience  with  pressure  pumps  will  also  concede  that 
a  large  ball-valve  is  the  most  efficient  and  durable  type  made, 
especially  for  gritty  solutions  such  as  many  of  the  spray  mixtures 
are  known  to  be.  Figs.  7  and  9  show  valve-seats  and  the  accompany- 
mg  balls  are  on  the  left  and  right  of  the  valve  seats. 

Plungers.  Plungers  are  fitted  with  various  types  of  packing. 
Very  few  pumps  are  equipped  by  their  makers  with  poor  packing, 
but  leather  hardens  so  rapidly  that  it  is  almost  worthless  as  a  pack- 
ing for  a  spray  pump,  and  hence  should  not  be  used  for  plunger-cups 
when  other  material  can  be  obtained.  The  following  materials  are 
used  for  plunger  packings:  hemp,  candlewicking,  steam  packing, 
paraffine  canvas,  cotton  cloth  reinforced  with  rubber,  and  various 
other  packings  which  go  under  trade  names.  Most  of  the  packings 
are  treated  with  oils,  graphite  or  paraffin,  but  this  does  not  include 
those  in  which  rubber  has  been  incorporated.  Plungers  are  usually 
designed  to  carry  a  special  kind  of  packing  and  they  work  better 
with  that  kind  of  packing  than  with  almost  any  substitute.  A  packing 
that  is  cheap,  easily  renewed  or  replaced,  and  that  will  last  for  a 
considerable  period  of  time  without  wearing  away  so  rapidly  that  it 
requires  constant  attention  to  keep  it  in  shape,  is  the  most  desirable. 

Agitators.  Agitators  are  a  frequent  source  of  trouble  in  spray- 
ing outfits,  especially  in  power  machines.  Swinging  paddles  usually 
pose  as  agitators  or  long  rotary  types  are  used  in  the  bottoms  of  round 
,  tanks  or  barrels.  These  work  very  well  in  small  tanks  or  barrels  but 
j  are  a  decided  failure  in  large  tanks.  The  sliding  agitator  is  the  type 
used  ordinarily  in  most  power  machines.  Connections  of  the  agitators 
I  to  power  are  made  in  various  ways  but  the  principle  is  much  the  same 
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in  different  makes.  The  amount  of  power  required  to  operate  such 
an  agfitator  is  enormous,  in  proportion  to  the  agitation  one  ^ets  in  an 
ordinary  tank.  Propellor  agitators  are  much  more  efficient  than 
other  types  because  of  the  higher  speed  at  which  they  may  be  run, 
their  durability,  simplicity,  light  weight,  small  size,  and  neat  appear- 
ance, all  being  in  their  favor;  besides  possessing  these  qualities, 
they  agitate  the  spray  liquid  thoroughly  and  require  less  power  to 
operate  them  than  any  of  the  large,  sliding  types  of  equal  efficiency. 
Jet  agitators  are  often  used  on  small  hand  pumps,  but  they  are 
always  inefficient  and  give  very  little  agitation.  A  jet  agitator,  prop- 
erly constructed  would  give  fair  agitation,  but  I  know  of  none  which 
utilizes  the  shape  of  the  tank  in  helping  to  agitate  the  solution. 

A  number  of  hand-pumps  are  patterned  after  the  ordinary  -water 
force-pump.  With  these  the  stuffing  box  is  the  source  of  so  much 
friction  that  barrel  pumps  of  this  type  should  be  avoided.  Simpler 
types  of  pumps,  without  a  stuffing  box,  should  be  selected.  Plungers 
with  a  plunger-cup,  or  inside  plunger-packing,  require  less  jwwer  to 
operate  them.  Outside  plunger-packing,  or  a  stuffing-box  on  the 
outside  of  the  plunger,  is  another  method  used  in  order  to  facilitate 
packing  and  obviate  trouble.  Double-acting  pumps  must  necessarily 
have  the  stuffing  box  and  plunger-packing  too,  but  some  of  the 
strongest  and  most  durable  power  pumps  are  of  this  type.  Of  the 
two  latter  types  I  have  no  particular  choice,  as  each  has  its  merits, 
and  each  requires  about  the  same  amount  of  care.  The  simple, 
single-acting  pump  with  a  plunger-cup  or  plunger-packing  on  the 
outside  or  inside,  requires  less  attention  than  any  of  the  other  types 
ajid  is  preferable  to  the  other  types. 

Supply  tanks.  Supply  tanks  are  of  various  shapes  and  sizes, 
but  the  round-bottom  tank  is  most  used  because  it  is  easy  to  build 
and  easily  kept  tight  by  merely  tightening  a  few  nuts  oa  the 
clamp-rods.  Hoop  tanks  always  dry  out  and  give  trouble.  Square, 
rodded  tanks  are  very  good  but  require  more  tightening  of  rods 
when  they  become  leaky.  They  have  some  points  of  superiority  in 
case  the  ordinary  types  of  agitators  are  used,  since  these  will  agitate 
the  solution  better  when  it  is  driven  into  the  cornersof  a  square  tank. 

Nozzles.  Nozzles  are  often  a  source  of  considerable  trouble  to 
the  operator  of  a  spraying  outfit.  Bordeaux  nozzles  throw  an  uneven 
flat  spray,  which  is  too  coarse  for  most  spraying.  Vermorel  types 
with  medium  caps  throw  a  narrow-angle,  fine  spray,  but  they  are  of 
small  capacity,  are  always  catching  on  limbs  and  frequently  clog-g-ing. 
Pressure  at  the  nozzle-cap  is  also  much  reduced  by  the  narrow  or ifices 
and  tortuous  channels  through  which  the  liquid  must  pass.  Nozzles  uti- 
lizing the  principle  of  the  whirl  caused  by  the  liquid  entering  from  the 
sides  of  the  whirling  chamber,  do  not  reduce  so  much  the  pressure 
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and  fore  2,  and  give  a  broader,  finer  spray,  without  reducing" 
the  spee  1  of  the  liquid  as  it  passes  through  the  nozzle  cap.  They 
also  allovr  the  use  of  much  larger  orifices  and  abolish  the  trouble  of 
nozzles  catching  on  limbs.  This  brings  us  to  the  large  types,  which 
are  made  by  a  number  of  the  companies  and,  so  far  as  I  know,  all  of 
these  types  of  large  nozzles  are  good. 

FACTORS  WHICH  TEND  TO  MAKE  A  NOZZLE  THROW 
AN  EVEN  SPRAY 

One  fault  that  manufacturers  seem  to  hate  overlooked  is  the 
tendency  of  the  large  type  nozzle  to  throw  the  bulk  of  the  spray 
in  one  quarter  of  the  circle.  This  may  be  overcome  by  making  more 
supply  holes  through  the  plate  or  top  of  the  nozzle  under  the  w^hirl- 
ing  chamber.  Nozzles  with  four  holes  through  the  plate,  instead  of 
two,  throw  an  almost  perfectly  even  circle  of  spray.  These  holes 
make  the  supply  of  liquid  come  from  four  quadrants  instead  of 
from  one  or  two  quadrants,  and  even  up  the  spray  passing*  out 
through  the  nozzle  cap.  The  illustration  of  large  nozzles  shows  one 
with  a  four-hole  supply  and  another  with  four  jetties  around  the 
holes  and  on  the  sides  of  the  whirling-chamber  which  give  the 
whirl  to  the  liquid  and  make  a  fine,  even  spray,  especially  with  the 
high  pressure  obtained  from  power  outfits.  Large-type  nozzles  are 
made  by  the  following  companies: 

American  Sprayer  Co.,  Minneapolis,  Minn. 
Bean  Spray  Pump  Co.,  Berea,  Ohio. 

E.  C.  Brown  Co.,  Rochester,  New  York. 
Deming  Co.,  Salem,  Ohio. 

Field  Force  Pump  Co.,  Elmira,  New  York, 
Friend  Mfg.  Co.,  Gasport,  New  York. 
Goulds  Mfg.  Co.,  Seneca  Falls,  New  York. 
Hardie  Mfg.  Co.,  Hudson,  Mich. 

F.  E.  Myers  &  Bro.:  Ashland,  Ohio. 
Spramotor  Co.,  Buffalo,  N.  Y. 
Wm.  Stahl  Sprayer  Co.,  Quincy,  111. 
Geo.  J.  Winkle,  Seneca  Falls,  New  York. 
Niagara  Sprayer  Co.,  Middleport,  New  York. 

On  an  ordinary  power  outfit,  two  leads  of  hose  should  be  used,  a 
larger  number  seldom  being  of  any  great  advantage  in  orchard  work. 
The  lead  of  hose  to  the  man  in  the  tower  need  be  only  fifteen  feet 
long,  while  the  man  on  the  ground  should  have  at  least  thirty 
feet,  and  forty  feet  of  hose  is  not  too  much  when  spraying  large 
trees.  On  hand-  or  barrel-pumps  one  lead  of  twenty-five  or  thirty 
feet  in  length  does  very  well  for  all  spraying  work,  or  two  leads  of 
that  length  may  be  used  when  two  men  are  on  the  ground. 

Digitized  by  VJV^OQlC 


SPRAYING  MACHINERY  SOI 


A  pump  which  ma*  be  used  with  any  engine  o(  sufficient  hone-power. 
Haidie  Mfff.  Co. 


I  lodepeooeot  pump  that  can  be  attached  to  any  enffine,  belt-drive  preferable. 
American  Sprayer  Co. 
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High  pressure  hose  with  long  hose  couplings  and  good  hose 
bands  are  a  necessity  in  spraying,  for  ordinary  hose  bursts  under 
the  high  pressure  to  which  it  is  subjected  and  short  couplings  are 
always  making  trouble.  Half-inch  high-pressure  hose  is  most  used, 
but  three-eighths  inch  is  also  good  and  is  not  so  heavy.  The  latter  is 
harder  to  get  connections  for,  when  they  are  lost  or  broken,  and  may 
prove  a  little  small  in  capacity  when  one  uses  three  large-type 
nozzles  on  the  end  of  a  spray-rod. 


Deminff  double  acting  power  pump  with  cast  base  and  braas  working  parte. 


American  Sprayer  Co's.  double-actinff  power  pump  with  rod-damped 
brass  cylinder  and  brass  working  parts,  j 
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Bean  power  iramp  with  one  large  diameter,  einrle  actioff,  porcelain 
lined  cylinder  and  a  patented  aprlnff  attaclunent. 


Friend  power  pump  with  two  ainffle-actinff  cylinders  of  small  diamete.. 
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UT-OFFS  between  hose  and  rods  are  of 
many  kinds  and  are  more  often  too  small 
than  too  large.  They  are  troublesome  to 
turn  when  too  small  and  soon  become 
leaky.  The  box  type  cut-oflf  illustrated  at 
the  beginning  of  this  paragraph  is  among 
r     the  best. 

Rods  are  made  of  iron  pipe,  brass  pipe, 
and  bamboo  with  a  brass  oV  aluminum  tube 
running  through  the  hollow  bamboo.  Alum- 
inum-lined bamboo  rods  are  lighter  than  any  of  the  others  and  when 
properly  reinforced  at  the  ends  are  as  strong  as  any  bamboo  rod  put 
out.  In  length  the  rods  should  not  be  less  than  eight  feet.  Ten-foot  rods 
are  preferable  and  twelve-foot  rods  are  often  a  necessity  in  order  to 
reach  the  tops  of  high  trees.  Longer  rods  are  not  often  needed,  and 
are  cumbersome  and  hard  to  hand !e  on  account  of  their  length. 


Hardie  escaDC  valve  showing  compressor,  spring,  ball,  and  seat.    A  neat, 
reliable  and  durable  type  of  safety  relief  valve. 


N  excellent  strainer  can  be  made 
by  fastening  a  piece  of  fine 
mesh  brass  screening  in  the 
frame  of  a  box  and  at  an  angle 
of  about  30  degrees,  as  shown  in 
the  illustration  of  the  initial 
letter  of  this  paragraph.  One 
end  is  sloped  in  so  that  the  strainer  may  be  lifted  out  by  the  end 
without  sticking  in  the  opening  of  the  tank.  The  sloping  screen 
is  kept  free  from  material  through  the  action  of  the  liquid, 
which  is  poured  on  the  upper  end  of  the  screen  and  carries  the 
material  that  will  not  pass  through  to  the  lower  end.  This  keeps 
the  screen  clear  for  straining  the  liquid  as  it  comes  from  the  supply 
tank.  This  strainer  may  be  made  double  by  placing  another  similar 
one  above  the  first,  but  with  the  screen  sloping  in  an  oposite  direc- 
tion. This  is  one  of  the  simplest,  most  durable  and  eflScient  types 
of  strainers,  which  can  be  easily  made  and  repaired^ 

One  of  the  necessities  of  the  spraying  business  is  z^oa  "strainer. 
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MOST  important  thing  is  a  good,  conven- 
ient mixing  plant.     I  have  not  seen  a  half 
dozen    good    mixing-plants    in    northern 
Ohio.     A  good  supply  of  water  is  needed. 
Two   small    sloping-end    tanks   for  slak- 
ing lime   should   be   set  on   an    elevated 
platform  high  enough  so  that  the  lime  will 
run  into  the   mixing  tank.     The  mixing 
tank  should  be  large  enough  to  hold  almost 
a  spray er^tank  full.     The  tank  for  copper  sulphate  or  blue  vitriol 
solution  should  be  on  the  same  platform  and  preferably  at  the  same 
height  as  the  lime  tanks.     It  should  be  of  known  capacity,  so   that  a 
stock  solution  may  be  readily  made  up.     All  supply  tanks  should  be 
higher  than  the  top  of  the  sprayer  tank  in  order  to  run  the  mixtures 
into  it  readily.     The  platform  around  the  tanks  should  be  large  so 
that  the  workmen  can  work  on  at  least  two  sides  of  the  tank.     Only 
the  side  next  to  the  sprayer  need  be  left  oflf,  as  long  lengths  of  hose, 
pipe,   etc.,  are   not  then  needed  to  reach   the  sprayer.     Valves  or 
cut-offs  can  be  omitted  if  sections  of  large-diameter  hose   are  used, 
and  when  not  in  use  the  open  end  of  the  hose   may   be  hooked  up  a 
little  higher  than  the  top  of  the  supply-tank.     This  does  away  with 
the  trouble  of  cut-offs  clogging  and  being  eaten  out  by  the  Bordeaux, 
an  almost  certain  sequence,  unless  they  are  made  of  brass. 

When  a  fruit  grower  intends  to  do  much  spraying  he  should 
always  build  a  mixing-plant  in  order  to  facilitate  the  work.  The 
saving  of  time  and  extra  labor  will  pay  for  the  mixing  plant  in  a  few 
seasons. 

ACCESSORIES 

Accessories  to  be  considered   when  purchasing  a  spray  pump: 

High-pressure  hose.  Suction  hose. 

Long  hose-couplings.  Pressure  gauge. 

Hose-bands.  Nozzles. 

Bamboo  extension-rods  (brass  or  Drip  guards. 

aluminum  lined)  or  pipe  ex-  Y's  and  angle-elbows  for  nozzles. 

tension  rods.  Strainers. 

Cut-offs  (between  rods  and  hose)  Hose-reducers. 

preferably  of  the  box  type.  A  mixing  plant. 

Three-way  cut-offs.  Escape  valve. 

COST  OF  SPRAYING 

The  cost  of  labor  for  a  single  spraying,  basing  the  price  at  $1.50 
per  day  for  a  man,  75  cents  for  a  boy,  and  $1.50  per  day  for  a  team, 
is  given  in  a  table  following  this  paragraph.  Higher  wages  will 
increase  the  cost  proportionately.  The  cost  per  tree  varies  with  the 
capacity  of  the  machine,  the  size  of  the  trees,   convenience  of  mixing 
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plant  and  distance  from  orchard  to  filling:  station.  As  much  time 
must  be  allowed  for  filling  as  for  spraying  out  a  tankful  of  solution, 
and  often  one  must  add  twice  as  much  time  for  filling  and  mixing-  a3 
for  emptying.  These  estimates  are  for  labor  only,  and  do  not 
include  the  cost  of  spraying  materials.  For  details  concerning- 
materials  and  methods  of  application  see  Bulletins  191  and  199 
and  Circular  95. 

LARGE  POWER  OUTFITS 

Capacity,  1200  to  1600  gallons  per  day. 

Rated  capacity,  7  to  11  gallons   per  minute  at  200  pounds 

pressure. 
Number  of  trees  sprayed  per  day,  100  to  200,  according  to 

the  size  of  the  trees. 
Three  men  and  one  team  needed. 

Actual  cost  of  labor,  1  cent  per  minute  for  a  10-hour  day. 
Time  used,  2  to  6  minutes  per  tree. 
Cost  per  tree,  2  to  6  cents. 

SMALL  POWER  OUTFITS 

Capacity,  800  to  1100  gallons  per  day. 

Rated  capacity,  4  to  7  gallons  per  minute  at  150  to  175 

pounds  pressure. 
Number  of  trees  sprayed,  60  to  120  per  day. 
Two  men,  one  boy,  one  team. 
Actual  cost  of  labor,  .875  cents  per  minute. 
Average  time  per  tree,  5  to  12  minutes. 
Cost  per  tree,  4  to  11  cents. 

LARGE  HAND  SPRAY  PUMPS 

Capacity,  600  to  800  gallons  per  day. 

Rated  capacity,  3  to  5  gallons  per   minute  at  125  pounds 

pressure. 
Number  of  trees  sprayed,  40  to  80  per  day. 
Three  men,  one  team. 
Actual  cost  of  labor,  1  cent  per  minute. 
Average  time  per  tree,  6  to  15  minutes. 
Cost,  6  to  15  cents  per  tree. 
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LARQB  BARRRL  PUMPS 


Capacity,  400  to  700  gallons  per  day. 

Rated  capacity.  2  1-2  to  4  gallons  per  minute  hi  i^^  pounds 

pressure. 
Number  of  trees  sprayed,  25  to  50  per  day. 
Three  men,  one  horse. 
Actual  cost  of  labor,  .875  cents  per  minute. 
Average  time  per  tree,  10  to  20  minutes. 
Cost  per  tree,  8  to  18  cents. 


MEDIUM  BARREL  PUMPT 


Capacity,  300  to  500  gallons  per  day. 

Rated   capacity,  1  1-2  to  2  1-2  gallons  per  mmute  at  125 

pounds  pressure. 
Number  of  trees  per  day,  18  to  3u. 
Two  men,  one  horse. 

Actual  cost  of  labor,  .625  cents  per  minute. 
Average  time  per  tree,  18  to  36  minutes. 
Cost  per  tree,  12  to  22  cents. 


SMALL  BARREL  PUMPS 


Capacity,  150  to  200  gallons  per  day. 

Rated  capacity,  1  to  1  3-4  gallons  per   mmute  at  1^5  pounds 

pressure. 
Number  of  trees  per  day,  10  to  20. 
Two  men,  one  horse. 

Actual  cost  of  labor,  .625  cents  per  minuw. 
Time  per  tree,  25  to  45  minutes. 
Cost,  14  to  28  cents  per  tree. 
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SPRAYING  OUTFITS 


SPRAYING    outfits    are     briefly 
described  in  the  following-  list: 

American    Sprayer   Co.     An 

orchard    traction    outfit  of  larg-e 

capacity.       Peerless    outfit,     two 

models  of   nearly    same    weig-ht. 

Sliding    agitator,    Wallace   water 

cooled  engine,  2  to  3  H.P.  and  double  acting  pump  with  swing  check 

valves  and  a  patent  pressure  regulator.     Large  air  chamber,    half 

round-bottom  tank,  fairly  short-coupled  trucks. 

Invincible  outfit,  air  cooled  engine  and  Wallace  Invincible  pump. 
Other  details  similar  to  Peerless  outfit. 

Bean  Spray  Pump  Co.  The  Challenge.  A  low,  strong  outfit  of 
medium  weight  and  large  capacity,  large  porcelain  lined  cylinder, 
single  acting  pump  with  large  bronze-ball  valves.  A  type  of  pro 
pellor  agitator,  large  air-chamber,  water-cooled  engine,  2  1-2  H.P. 
Short-coupled  trucks,  rectangular  tank. 

Deming  Co.  Premier  outfit,  large,  very  heavy  and  strong,  of 
large  capacity.  New  Way  air-cooled  engine,  2  1-2  or  3  1-2  H.P.,  slid- 
ing agitator,  fairly  long-coupled  trucks,  large  air-chamber  and 
double-acting  pump  with  large  ball  valves.     Half-round  bottom  tank. 

Deming  power  outfit.  Smaller  and  lighter  than  the  Premier 
outfit  but  of  large  capacity.  1  1-2  H.P.  water-cooled  engine,  pump, 
tank  and  trucks  similar  to  the  Premier  outfit. 

Cushman  Power  Sprayer  Co.  Three  models,  light  outfits, 
medium  and  large  capacity,  Cushman  water-cooled  two  cycle  engine, 
3  H.P.  Duplex  or  triplex  pumps,  bronze  ball  valves,  propellor  agi- 
tator, round  steel  tanks,  large  wheeled,  short  coupled,  strong  trucks. 

Olds  Gas  Power  Co.     Same  as  Deyo  in  most  respects. 

Goulds  Mfg.  Co.  Like  a  Deyo  outfit  or  a  New  Way  outfit.  Air- 
cooled  engine  2  1-2  and  3  to  3  1-2  H.P.  Goulds  Vice  Admiral  pump, 
large  air-chamber,  wing-guided  bevel-face  poppet  valves,  sliding 
agitator,  fairly  short-coupled  trucks,  low  and  strong,  half-round 
bottom  tank. 

Hardie  Mfg.  Co.  Hardie  Triplex,  Light  outfit,  large  capacity. 
Ideal  water-cooled  engine,  3  H.P.,  belted  to  Triplex  pump.  Ball- 
valves  in  pump,  large  air-chamber,  half-round  bottom  tank,  short- 
coupled  trucks,  sliding  agitator. 
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Simplex  outfit.  Large  and  medium  capacity,  two  sizes.  Ideal 
water-cooled  engine,  1  1-2  or  3  H.P.,  Simplex  twin-cylinder  pumps, 
similar  to  Triplex  in  other  details. 

Hardie  No.  2.  A  light  outfit,  medium  capacity.  Ideal  engine, 
1 1-2  H.P.,  belted  to  pump-jack.  Hardie  pump,  double-acting.  It  is 
without  trucks  and  has  a  paddle  agitator. 

R.  H.  Deyo  &  Co.  Deyo  outfit.  Heavy  outfit  of  large  capacity. 
Olds  air-cooled  engine,  2  1-2  to  3  H.P.,  Goulds  Vice  Admiral  pump 
with  large  air-chamber,  wing-guided  bevel-faced  poppet  valves,  slid- 
ing agitator,  half-round  bottom  tank,  fairly  short-coupled  trucks. 

Fairbanks  Morse  Co.  Very  heavy  outfit,  large  capacity,  waters 
cooled  engine. 

Field  Force  Pump  Co.  Leader  outfit,  a  heavy  machine,  large 
capacity,  water-cooled  engine,  3  1-2  H.P.,  sliding  agitator,  medium 
sized  air-chamber,  low,  short-coupled  trucks.  Wheels  with  very 
broad  tires.   Half-round  bottom  tank. 

Friend  Mfg.  Co.  Friend  regular  model.  Light  outfit,  large 
capacity.  Friend  air-  or  water-cooled  engine,  21-2  to  31-2  H.P. 
New  Friend  pump,  medium  sized  air-chamber,  large  ball-valves, 
hdlf-round  bottom  tank,  short-coupled  trucks,  large  wheels  with 
broad  tires.     Propellor  agitator. 

Friend  Hilly  Orchard.  Similar  excepting  trucks,  which  have 
very  large  wheels  in  rear,  with  tank  between  them  and  small  wheels 
in  front  which  cut  under  and  make  an  outfit  which  can  be  turned  in 
a  small  area. 

Spramotor  Co.  Light  outfit,  large  capacity.  Duplex  pump, 
waterK:ooled  engine,  1 1-2  H.P.  ideal  engine,  2  1-2  H.P.  or  air^ooled 
engine.  Sliding  agitator,  half-round  bottom  tank.  Outfit  has  recently 
been  revised  and  may  be  changed  somewhat  from  the  one  described. 

International  Harvester  Co.  A  heavy  outfit  of  large  capacity, 
with  water-cooled  engine  and  a  double-acting  pump. 

A  lighter  outfit  of  medium  weight  with  an  air-cooled  engine,  a 
double-acting  pump,  and  a  sliding  agitator. 

New  Way  Motor  Co.  A  heavy  outfit  of  large  capacity.  New 
Way  air-cooled  engine,  Goulds,  Deming  or  Myers  double-acting 
pump.     Half-round  bottom  tank,  sliding  agitator. 

Binks  Spraying  Machine  Co.  Power  outfit,  medium  weight. 
Water-cooled  engine,  double-acting  pump.  Sliding  agitator,  half- 
round  t>ottom  tank. 
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Power  outfits  should  be  chosen  according  to  capacity  and  sim- 
plicity. Weight  is  a  factor  to  be  determined  by  the  orchardist.  His 
orchard  may  be  hilly  or  level,  and  the  size  of  trees  and  the  kind  of 
usage  a  machine  is  to  get  will  determine  what  sort  of  an  outfit  to 
purchase.  Extremely  light  outfits,  in  most  cases,  are  not  as  durable 
as  the  slightly  heavier  types.  Weight  and  strength  have  been  sac- 
rificed for  lightness,  but  the  durability  of  such  an  outfit  is  in  some 
few  makes  of  machines  nearly  equal  that  of  the  heaviest  types. 
Type  of  pump,  valves,  etc.,  also  figure  largely  in  durability,  but 
most  of  the  leading  pump  manufacturers  use  bronze-ball  or  bevel- 
faced  wing-guided  poppet  valves,  so  this  factor  does  not  enter  so 
largely  in  the  choice  of  a  pump.  Capacity^  simplicity^  efficiency^  dur- 
ability  and  costy  are  the  factors  one  must  consider.  Choose  preferably 
a  close-coupled  truck,  with  fairly  large  wheels  in  the  rear  and 
smaller  wheels  in  front,  all  wheels  with  broad  tires,  and  with  the 
spraying  machine  frame  set  low,  using  the  wagon  without  a  bolster 
in  the  rear,  if  possible,  but  with  the  machine  set  level. 

Home-made  power  outfits  are  not  advisable,  as  very  few  have 
the  facilities  for  connecting  up  pump  and  engine  satisfactorily. 
Special  purpose  machines  may  be  built  at  home,  and  also  a  good 
hand  or  independent  power  pump  outfit  may  be  readily  assembled. 
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RACTION-POWER  sprayers  are 
for  the  most  part,  special  purpose 
machines.  There  are  a  few  ma- 
chines of  this  type  built  fororchard 
spraying  but  most  of  them  were 
desiifned  for  spraying  grapes, 
potatoes  and  similar  field  crops, 
or  spraying  for  the  destruction  of 
weeds.  Power  is  transmitted 
from  the  wheels  by  means  of 
cams,  eccentrics,,  chains  or  gears, 

and  the  pump  is  operated  by  these  various  mechanical  contrivances. 

Here,  as  in  the  case  of  other  types,  the  same  factors,  strength^  sim" 

fhcity^  durability  and  capacity^  must  be  considered. 

Traction  machines  were  designed  as  special  purpose  machines, 

and  are  not  a  complete  success  for  orchard  spraying.    Some  few 

machines  can   be  operated   as    hand    pumps  as  well  as    used  as 

traction  machines. 

For  the  man  who  has  a  small  orchard  and  needs  a  field  sprayer, 

some  machine  of  this  type  should  be  selected;  but  the  fruitgrower 

who  has  a  large  orchard  must  look  to  the  other  types  for  a  more 

suitable  machine. 


A  tnctioo  tprayer  with  double-actinff  pump  operated  by  an  eccentric. 
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ARGE  hand  pumps  approach  small  power- 
machines  in  capacity  and  are  better  than  any 
barrel  pumps  on  account  of  the  long  leverage 
that  can  be  used.  Two  cylinders  of 
smaller  diameter  are  often  used  and  the 
capacity  is  then  greatly  increased  over  that 
of  the  ordinary  barrel  pump.  The  entire 
weight  of  the  body  can  be  applied  to  the 
lever  without  stooping  or  bending  the  back, 
while  any  type  of  a  tank  or  barrel  can  be 
used  as  the  spray  liquid  container.  For  the 
man  who  cannot  afford  a  power  sprayer,  or 

who  has  a  medium  sized  orchard  and  can  get  cheap  labor^  this  style 

is  very  satisfactory. 


A  traction  sprayer  with  a  double-actinir  chidn  driven  pump. 
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ARREL  pumps  of  medium  capacity  are 

well  suited  to  the  small  fruit  grower  or 

farmer  who  does   not  care  to  invest 

much  money  and  yet  wishes  to  raise 

good  fruit.     Medium  capacity    barrel 

Q  pumps  are  to  be  preferred   before  the 

■  large  capacity  barrel  pumps  because  the 

A^  I  latter  are  hard  to  operate  and  it  takes 

^^^  a  heavy,   strong  man  to  pump  one  all 

«^  day.    Besides  being  useful  for  the  man 

with  a  small  home  orchard,  they  may 
be  successfully  used  for    cold    water 
painting,   whitewashing,  spraying  chicken  coops  to  destroy  mites, 
lice,  etc. 


A  btficl  pamp  wltb  valves,  plunder  and  packing  readily  acceasible. 
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UCKET  pumps  were  never  desigrned  for  spraying 
the  apple  orchard,  but  they  are  convenient  for 
spraying  truck  crops,  small  trees  and  bushes  around 
the  yard,  chicken  coops,  and  doing  many  other  small 
jobs  about  the  home,  where  a  small  convenient 
pump  is  needed.  The  Knapsack  pump  is  a  port- 
able type  of  bucket  pump,  very  useful  for  small 
work,  and  for  spraying  truck  and  garden  ;  x)ps. 


A  barrel  pump  with  plumbing  connectiona  and  parta  not  feadUy  ■coeaaibl'K. 
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UTOMATIC  sprayers  are  more  convenient  than  knap- 
sack sprayers,  for  they  may  be  filled  and  then  pumped 
.     up  with  air  and  the  entire  attention  of  the  operator  can 

Bbe  devoted  to  spraying  without  having  to  do  the 
double  duty  of  pumping  and  spraying  at  the  same 
time.  They  are  very  convenient  and  readily  carried 
about.  For  truck  crops  they  are  hard  to  beat  when 
they  are  well  made, 
A  fault  of  the  larger  part  of  the  sprayers  of  this 
type  is  that  they  are  made  of  galvanized  iron  and  are 
corroded  so  rapidly  by  the  Bordeaux  sprays  that  they 
become  worthless  in  a  year  or  two.  To  be  durable 
they  must  be  constructed  of  heavy  sheet  brass,  prefer- 
ably seamless  or  with  well  riveted  joints.  For  small  work,  a  well 
made  sprayer  of  this  type  is  almost  ideal. 
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OMPRESSED  air  sprayers  have  some  advant- 

agfes,  since  they  are  easily  operated  and  art 

of  very  simple  construction.  For  such  outfits 

the  first  cost  of  the  charg^ing-  and  mixing 

plant  and  of  the  sprayer  tanks  is  somewhat 

g^reater    than    that  of  the    averagfe    power 

outfit  having:  an  equivalent  daily   capacity, 

so  far  as  the  amount  of  liquid  sprayed  out 

is  concerned.     The  pressure,  whenusinga 

compressed  air  sprayer,  must  vary  between  two  extremes,  usually 

from  160  to  80  pounds  while  the  tankful  of  solution  is   being:  dis. 

chargfed.     This  tends  to   make  the  work  uneven,  since  the  quality 

of  the  spray  varies  from  fine  to  coarse  and  th^re  is  also  a  variation  in 

the  amount  of  liquid  discharg^ed  in  a  g^iven  time.  On  the  other  hand, 

power  outfits  are  operated  under  an  almost  constant  pressure  which 

is  often  as  great  as  200  pounds  to  the  square  inch. 

Considering  these  facts,  and  also  that  the  amount  of  skilled 
labor  required  to  operate  either  outfit  is  practically  the  same,  I  have 
reached  the  conclusion,  after  having  operated  both  types  of  outfits  in 
the  field,  that  for  the  average  orchardist,  a  power  outfit  is  superior  to 
the  compressed  air  outfit. 

In  either  case  the  operator  must  possess  averagfe  mechanical 
ability  and  exercise  reasonable  care. 

Sprayers  using:  compressed  g-as  have  the  disadvanta£:e  of 
decomposing  the  lime-sulfur  sprays.  For  killing  scale  insects,  lime- 
sulfur  spray  is  one  of  the  best,  and  is  almost  universally  used  in 
orchard  work. 

Dust  sprayers  have  been  successfully  used  in  treating"  cotton, 
tobacco  and  a  few  similar  field  crops.  In  general  orchard  work  tney 
have  not  proved  a  success,  as  has  been  demonstrated  in  extensive 
competitive  tests  against  liquid  sprayers.  However  they  have  shown 
merit  for  such  special  use  as  dusting  orange  groves  for  rust  mite. 
Their  range  of  usefulness  is  evidently  quite  restricted. 

In  the  following  tables  I  have  attempted  to  list  the  manufact- 
urers who  make  various  kiads  of  machines,  so  that  an  intending 
purchaser  may  write  to  those  companies  which  build  the  kind  of  a 
machine  he  wishes  to  purchase,  for  catalogues  and  prices  of  the 
same. 
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Companies  making  Independent  pumps  to  which  power  can  be 
adapted: 

American  Sprayer  Co.,  Minneapolis,  Minn. 
Bean  Spray  Pump  Co.,  Cleveland,  Ohio. 
The  Deming  Co.,  Salem,  Ohio. 
Field  Force  Pump  Co.,  Elmira,  N.  Y. 
Goulds  Mfg.  Co.,  Seneca  F.Uls,  N.  Y. 
Hardie  Mfg.  Co.^  Hudson,  Mich. 
F.  E.  Myers  &  J^-o.,  Ashland,  Ohio. 
Spramotor  Co.,  P  ilalo,  N.  Y. 

Companies  manufacturing  traction  machines  for  grape,  potato 
and  field  spraying,  but  sometimes  adapted  for  use  in  orchards: 
American  Sprayer  Co.,  Minneapolis,  Minn. 
E.  C.  Brown  Co.,  Rochester,  N.  Y. 
Dayton  Supply  Co.,  Dayton,  Ohio. 
Field  Force  Pump  Co.,  Elmira,  N.  Y. 
Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 
Hardie  Mfg.  Co.,  Hudson,  Mich. 
H.  L.  Hurst  Mfg.  Co.,  Canton,  Ohio. 
Latham  &  Co.,  Sandusky,  Ohio. 
Spramotor  Co.,  BufiFalo,  N.  Y. 
Wm.  Stahl  Sprayer  Co.,  Quincy,  111. 

Companies  manufacturing  large  capacity  hand  pumps: 
Bean  Spray  Pump  Co.,  Cleveland,  Ohio. 

E.  C.  Brown  Co.,  Rochester,  N.  Y. 
The  Deming  Co.,  Salem,  Ohio. 
Field  Force  Pump  Co.,  Elmira,  N.  Y. 
Friend  Mfg.  Co.,  Gasport.  N.  Y. 
Goulds  Mfg.  Co.,  Seneca  Falls.  N.  Y. 
Hardie  Mfg.  Co.,  Hudson,  Mich. 

F.  E.  Myers  &  Bro.,  Ashland,  Ohio. 
Spramotor  Co.,  Buffalo,  N.  Y. 
Wm.  Stahl  Sprayer  Co.,  Quincy,  111. 

Companies  manufacturing  large  capacity  barrel  pumps,  the  rated 
capacity  of  which  is  over  two  and  one-half  gallons  per  minute: 
American  Sprayer  Co.,  Minneapolis,  Minn. 
Field  Force  Pump  Co.,  Elmira,  N.  Y. 
Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 
Hardie  Mfg.  Co.,  Hudson,  Mich. 
Latham  &  Co.,  Sandusky,  Ohio. 
Morrill  &  Morley,  Benton  Harbor,  Mich, 
Spramotor  Co.,  Buffalo,  N.  Y. 
Wm.  Stahl  Sprayer  Co.,  Quincy,  111. 
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(/ompanies  manutacturmg  medium  and  small  capacity  barre 
pumps.  ' 

American  Sprayer  Co.,  Minneapolis,  Minn. 
Barnes  Mfg-.  Co.,  Mansfield,  Ohio. 
Bean  Spray  Pump  Co.,  Cleveland,  Ohio. 

E.  C.  Brown  Co.,  Rochester,  N.  Y. 
Dayton  Supply  Co.,  Dayton,  Ohio. 
Deming  Co.,  Salem,  Ohio.. 

Field  Force  Pump  Co.,  Elmira,  N.  Y. 
Friend  Mfg.  Co.,  Gasport,  Ohio. 
Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 
Hkrdie  Mfg.  Co.,  Hudson,  Mich. 
H.  L.  Hurst  Mfg.  Co.,  Canton,  Ohio. 
Latham  &  Co.,  Sandusky,  Ohio. 

F.  E,  Myers  &  Bro.,  Ashland.  Ohio. 
Spramotor  Co.,  Buffalo,  N.  Y. 
Wm.  Stahl  Sprayer  Co.,  Quincy,  111. 

Companies    manufacturing    Kerowater    or    Kerosene    mixing 
St  ravers: 

Dayton  Supply  Co.,  Dayton,  Ohio. 

Deming  Co.,  Salem,  Ohio. 

Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 

Spramotor  Co.,  Buffalo,  N.  Y. 
Companies  manufacturing  Knapsack  sprayers: 

Barnes  Mfg.  Co.,  Mansfield,*  Ohio. 

Deming  Co.,  Salem,  Ohio. 

Field  Force  Pump  Co.,  Elmira,  N.  Y. 

Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 

F.  E.  Myers*  Bro.,  Ashland,  Ohio. 

Spramotor  Co.,  Buffalo,  N.  Y. 

Wm.  Stahl  Sprayer  Co.,  Quincy,  111. 
Companies  manufacturing  bucket  pumps: 

American  Sprayer  Co.,  Minneapolis,  Minn. 

Barnes  Mfg.  Co.,  Mansfield,  Ohio. 

Bean  Spray  Pump  Co.,  Cleveland,  Ohio. 

E.  C.  Brown  Co.,  Rochester,  N.  Y. 
Dayton  Supply  Co.,  Dayton,  Ohio. 
Deming  Co.,  Salem,  Ohio. 

Field  Force  Pump  Co.,  Elmira,  N.  Y. 
Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 
Hardie  Mfg.  Co.,  Hudson,  Mich. 
H.  L.  Hurst  Mfg.  Co.,  Canton,  Ohio. 

F.  E.  Myers  &  Bro.,  Ashland,  Ohio. 
Wm.  Stahl  Sprayer  Co.,  Quincy,  111. 
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C  ympanies  manufarturing  automatic  sprayers: 

American  Sprayer  Co.,  Minneapolis,  Minn. 
Bean  Spray  Pump  Co.,  Cleveland  Ohio. 
E.  C.  Brown  Co.,  Rochester,  N.  Y. 
^  :Y''^r  Supply  Co.,  Dayton,  Ohio. 
Field  Force  Pump  Co.,  Elmira,  N.  Y* 
Hardie  Mfg.  Co.,  Hudson,  Mich. 
H.  L.  Hurst  Mfg.  Co.,  Canton,  Ohio. 

Companies  manufacturing  compressed  air  sprayers: 
American  Horticultural  Distributing  Co., 

Martinsburg,  W.  Va. 
Latham  &  Co.,  Sandusky,  Ohio. 
Niagara  Sprayer  Co.,  Middleport,  N.  Y. 
Pierce-Loop  Co.,  Northeast,  Pa. 

Companies  mancfacturing  dust  sprayers: 

Dust  Sprayer  Co.,  Kansas  City,  Mo. 
Leggett  &  Bros.,  New  York,  N.  Y. 

Companies  assembling  or  manufacturing  spraying  machines: 
American  Sprayer  Co.,  Minneapolis,  Minn. 
Barnes  Mfg.  Co.,  Mansfield,  Ohio. 
Bean  Spray  Pump  Co.,  Cleveland,  Ohio. 
Binks  Spraying  Machinery  Co.,  Chicago,  111. 
Cushman  Power  Sprayer  Co.,  Lincoln,  Neb. 

E.  C.  Brown  Co.,  Rochester,  N.  Y. 
Dayton  Supply  Co.,  Dayton,  Ohio. 
Deming  Co.,  Salem  Ohio. 

R.  H.  Deyo  &  Co.,  Binghamton,  N.  Y. 
W.  &  B.  Douglas,  Middleton,  Pa. 
Fairbanks,  Morse  &  Co.,  Cleveland,  Ohio, 
^leld  Force  Pump  Co.,  Elmira,  N.  Y. 
1<  riend  Mlg.  Co.;  Gasport,  N.  Y. 
Gilson  Mfg.  Co.,  Port  Washington,  Wis. 
The  Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 
The  Hardie  Mfg.  Co.,  Hudson,  Mich. 
Hurst  Mrg,  Co.,  Canton,  Ohio. 
International  Harvester  Co.,  Local  agencies. 
Latham  &  Co.,  SandusKy^  Oon^. 
Morrill  &  Morley,  Benton  Harbor,  Mich. 

F.  E.  Myers  &  Bro..  Ashland,  Ohio. 
The  New  Way  Motor  Co.,  Lansing,  Mich. 
Niagara  Spraying  Co.,  Middleport,  N.  Y. 
Olds  Gas  Power  Co.,  Lansing,  Mich. 
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Pierce-Loop  Co.,  Northeast,  Pa. 
Spraraotor  Co.,  Buffalo,  N.  Y. 
Wm.  Stahl  Sprayer  Co.,  Quincy,  111. 

In  the  following-  tables  machines  manufactured  by  the  various 
companies  are  listed.  The  first  column  gives  the  name  of  the  pump, 
the  second,  the  kind  of  pump,  the  third,  the  capacity  of  the  pump 
per  minute,  as  the  companies  approved  of  or  sent  as  correct  at  the 
pressure  indicated  in  the  fourth  column,  and  the  speeds  given  in  the 
sixth  column.  The  fifth  column  gives  the  estimates  at  the  same 
speed  and  pressures  as  the  companies  capacities  were  g^iven,  but 
using  the  actual  amount  of  liquid  displaced  per  minute  by  the 
plunger.  This  does  not  allow  for  leaky  valves,  plunger-packing  or 
jet  agitators,  so  it  is  a  little  high  in  every  case.  Column  seven  gives 
the  type  of  valves  used  in  the  pump;  columns  eight  and  nine,  the 
length  of  stroke  and  diameter  of  the  cylinders;  column  ten,  the  ad- 
ditional remarks  upon  the  various  types  of  pumps. 
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^. '^  In   conclusion  let  me  set  forth  a  few  things  which  should  k 

'i/jfii'         remembered. 

1  Choose  a  machine  that  has  the  factors  of  simplicity^  durabiliis" 
and  capacity  and  the  efficiency  of  the   machine   will  be  unquestioned. 

2  Cost  is  another  question.  A  few  dollars  higher  in  pride 
usually  means  better  quality  and  *'the  best  is  the  cheapest  in  the  end. 

3  Clean  up  your  machine  and  accessories  each  time  when  you  are 
through  spraying. 

4  Keep  your  machine  in  good  trim^  all  bolts  and  bearings  tigki, 
plunger  packedy  etc. 

5  Use  good  oil  and  plenty  of  it. 

6  If  something^  g^oes  wrong:  and  fails  to  vfOvVJind  out  what  the 
trouble  is,  before  you  change  any  adjustments.  Changing  adjustments 
without  knowing  why  only  means  more  trouble. 

7  Results  depend  upon  thorough  work  and  the  use  of  gooi 
standard  brands  of  spraying  materials. 

8  Study  your  machine  and  your  problem  and  persevere. 
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THE  STATUS  OF  THE  POTATO  GROWING 
INDUSTRY  IN  OHIO 

By  F.  H.  BALLOU 

Potato  culture,  in  Ohio,  is  rapidly  developing  into  a  vast  industry. 
The  crop  of  1907 — the  last  year  for  which  statistics  are  available — 
reached  the  enormous  aggregate  of  10,825,659  bushels.  Among  the 
staple  products  of  Ohio  soil,  potatoes,  therefore,  rank  fourth  in  the 
number  of  bushels  produced — corn  being  first,  oats  second  and 
wheat  third. 

Roughly  dividing  the  state  into  four  parts  by  drawing  an  imag- 
inary line  from  Sandusky  on  the  north  to  Ironton  on  the  south;  and 
from  Bellaire,  in  Belmont  county,  on  the  east  to  Greenville,  Darke 
county  on  the  west,  we  find  that,  in  the  northeastern  quarter  were 
grown  in  1907,  approximately  5,800,000  bushels,  or  more  than  one- 
half  of  the  total  production  of  the  entire  state. 

The  ten  heaviest  potato  producing  counties  of  Ohio  are  Portage, 
Wayne,  Medina,  Cuyahoga,  Hamilton,  Stark,  Lucas,  Summit,  Erie 
and  Mahoning,  named  in  the  order  of  their  yields  for  1907,  beginning 
with  the  highest.  The  same  counties  have  maintained  their  pre- 
cedence as  the  banner  producers  for  the  past  ten  years,  although 
the  orderof  individual  yields  may  have  been  transposed  occasionally — 
especially  those  noted  for  close  competition.  Seven  of  the  ten  heav- 
iest producing  counties,  in  1907,  were  embraced  wholly  within  the 
northeastern  quarter;  also  the  greater  part  of  another — Erie.  Lucas 
county,  the  seventh  in  point  of  production,  and  a  small  part  of  Erie, 
are  in  the  northwestern  quarter.  Hamilton  county,  the  fifth  in  point 
of  production,  in  1907,  contributes  this  distinction  to  the  southwest- 
em  quarter. 

While  these  figures  and  data  are  interesting,  they  should  by  no 
means  be  construed  to  suggest  that  outside  of  the  sections  and 
counties  named  this  industry  is  not  followed  with  success  and  profit^ 
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nor  that  potatoes  of  equally  as  fine  quality  cannot  be  g^rown.  The 
valleys  of  the  Great  Miami,  Little  Miami,  Scioto,  Licking,  Hocking, 
Muskingfum  and  other  rivers  and  their  hundreds  of  tributaries,  as 
well  as  many  fertile,  upland  soils  in  various  other  parts  of  the  state, 
yield  fully  as  high  an  average  per  acre  in  bushels,  and  equally  as 
good  potatoes  as  relates  to  table  quality. 

The  ten  lightest  potato  producing  counties  of  the  state,  during 
the  period  of  the  last  ten  years,  are  Fayette,  Union,  Highland,  Mad- 
ison, Harrison,  Preble,  Warren,  Adams,  Jackson  and  Gallia.  Of 
these  counties,  during  the  period  of  the  last  ten  years,  Fayette 
stands  notable  as  the  least  devoted  to  potato  culture,  therefore  pro- 
ducing the  least  number  of  bushels,  of  any  county  in  Ohio.  Its 
average  for  the  ten  years  is  about  7,200  bushels  per  year.  Only  580 
bushels  were  grown  in  Fayette  county  in  1907.  This  county  will 
illustrate  the  fact  that  the  status  of  the  potato  growing  industry  in 
different  counties  is  determined  not  by  the  degree  of  fertility  or 
productivity  of  the  soils  of  these  counties,  but  by  the  branch  or 
branches  of  agriculture  or  horticulture  which  are  specialized  by  the 
land  owners  thereof. 

In  addition  to  the  regular  lines  of  potato  work  at  the  Experiment 
Station  there  has  been  considerable  material  of  a  miscellaneous 
nature  gradually  accumulating  through  special  experiments  and 
careful  observations  both  at  the  Station  grounds  and  throughout  the 
state,  which  should  be  of  much  practical  value  to  the  potato  grower, 
especially  the  beginner.  The  more  important  features  of  this  accum- 
ulated fund  of  practical  information  are  now  assembled  in  this 
bulletin,  inasmuch  as  it  was  considered  that  such  a  publication 
would  clearly  and  fully  answer  many  oft-recurring  questions  from 
correspondents,  which  cannot  be  fully  and  satisfactorily  answered 
within  the  limited  scope  of  personal  letters  to  each  one. 

ROTATIONS  FOR  POTATOES 

An  excellent  rotation  for  the  potato  farmer  is  a  three-year  cycle 
of  potatoes,  wheat  and  clover.  Barnyard  manure,  unless  it  be  well 
rotted,  in  this  rotation  is  preferably  used  as  a  winter  top-dressing 
on  the  wheat  or  clover.  It  is  not  advisable  to  plow  under  fresh 
stable  manure  in  preparation  for  potatoes,  as  such  manure  favors 
conditions  under  which  the  tubers  are  likely  to  be  more  or  less 
attacked  by  the  scab  fungus,  thereby  blemishing  a  portion  of 
the  crop.  The  aim  should  be  to  induce  a  strong  growth  of  clover, 
and  to  this  end  lime  may  often  be  used  to  advantage  on  the  wheat 
preceding  the  clover  crop. 


Digitized  by 


Google 


THE  POTATO  GROWING  INDUSTRY  IN  OHIO  563 

Another  good  rotation  for  the  potato  grrower  who  is  also  engaged 
in  strawberry  growing,  is  clover,  potatoes  and  strawberries.  In 
detail,  the  strawberry  bed  is  plowed  under  at  the  close  of  the  first 
or  second  season's  fruiting,  the  soil  finely  and  firmly  worked  down 
and  medium  red  clover  immediately  sown  at  the  rate  of  IS  or  20 
pounds  per  acre.  This  plan  of  mid-July  clover  seeding  has  rarely 
met  with  failure  under  the  writer's  observation  or  practice.  If  the 
season  be  at  all  favorable  the  clover  will  make  a  good  growth  the 
same  season  of  sowing.  A  crop  of  hay  may  be  taken  the  following 
season,  the  second  growth  being  allowed  to  remain  on  the  ground 
to  be  turned  under  the  following  spring.  Potatoes  follow  the  clover, 
and  after  these  are  harvested  rye  is  sown  as  a  winter  cover  crop  to 
be  turned  under  the  succeeding  spring  in  preparation  for  straw- 
berries. This  plan  provides  for  a  four-year  rotation  if  a  single  crop 
of  strawberries  be  gathered,  or  a  five-year  rotation  if  two  crops  be 
harvested.  Other  garden  crops  may  be  substituted  for  the  straw- 
berries if  the  grower  desire.  A  late  crop  of  potatoes,  using  sprouted 
seed,  may  also  be  grown  after  strawberries.  This  plan  is  usually 
very  satisfactory  if  properly  carried  out,  often  giving  a  yield  of 
potatoes  equal  to  or  greater  than  the  early  planted  crop.  The  straw- 
berry bed  should  first  be  thoroughly  disked  and  then  plowed  and 
carefully  harrowed,  then  rolled  and  harrowed  again.  Wheat  and 
then  clover  follow  the  potatoes. 

PREPARATION  OF  THE  SOIL  AND  METHOD  OF 
APPLICATION  OF  FERTILIZERS 

The  question  is  often  submitted:  **Is  it  a  commendable  plan  to 
plow  ground,  intended  for  potatoes,  in  the  autumn  or  during  open 
periods  in  the  winter?"  Fall  or  winter  plowing  might  be  advisable 
under  certain  conditions.  These  conditions  would  depend  principally 
upon  the  character  of  the  soil  and  the  amount  of  work  to  be  done 
with  a  given  force  of  help.  If  the  soil  be  tenacious  clay  or  heavy 
clay  loam,  plowing  too  far  in  advance  of  the  planting  season  would 
certainly  result  in  the  soil  becoming  so  compacted  by  late  winter  and 
early  spring  rains  that  preparation  of  a  deep,  mellow  seed-bed  would 
be  a  difficult  proposition.  Lighter  clay  loams  abounding  in  humus, 
or  soils  of  a  sandy  nature,  might  safely  be  plowed  in  autumn  or 
winter,  providing  they  are  so  situated  that  there  is  no  great  danger 
of  loss  of  soil  and  fertility  by  washing,  as  would  be  the  case  on  steep 
hill-slopes.  In  any  case  where  fall  plowing  is  practiced  it  is  well  to 
work  the  ground  as  deeply  as  possible  in  the  spring  with  a  disk 
harrow  or  two-horse  cultivator.  Those  who  farm  level  or  compara- 
tively level  land  do  not  realize  the  importance  of  great  care  in  this 
respect  in  the  hilly  sections. 


Digitized  by 


Google 


564  OHIO  EXPERIMENT  STATION:  BULLETIN  218 

In  a  general  way  it  may  be  stated  that  the  better  plan  is  to  plow 
potato  ground  as  early  in  the  spring  as  the  ground  becomes  in  good 
condition  to  work.  In  sections  of  the  state  where  early  planting  is 
practiced  it  is  the  custom  to  plow,  prepare  and  plant  at  once.  In 
other  sections,  as  in  certain  parts  of  northern  Ohio,  where  June 
planting  is  the  rule,  the  ground  may  well  be  plowed  as  soon  in  the 
spring  as  it  will  work  well  and  harrowed  every  week  or  ten  days  until 
the  chosen  time  of  planting  arrives.  This  will  result  in  the  germina- 
tion of  millions  of  weed  seeds  and  the  prompt  finish  of  the  tiny 
plants.  In  any  case  the  ground  should  be  worked  down  until  the 
soil  is  fine  and  the  surface  level  and  smooth. 

After  experimenting  with  different  methods  of  application,  the 
Experiment  Station  now  favors  and  practices  drilling  in  commercial 
fertilizer  by  the  use  of  a  common  grain  drill  with  fertilizer  attach- 
ment. This  is  done  after  the  ground  has  been  harrowed  once  or 
twice  and  just  previous  to  planting,  where  early  planting  is  the  rule. 
In  case  of  late  planting  on  early  prepared  ground  a  greater  number  of 
harrowings  would,  of  course,  precede  the  fertilizer  application,  which 
would  be  delayed  until  planting  time.  By  this  means  of  application 
the  fertilizer  is  distributed  evenly  over  (or  rather  in)  the  entire  area 
where  the  feeding  roots  of  the  potatoes  will  readily  find  it  as  they 
freely  extend  through  the  upper  soil.  By  this  uniform  distribution 
of  the  fertilizer  the  potato  plants  not  only  more  fully  profit  by  the 
application,  but  the  surplus  food,  left  in  the  soil  after  the  maturity 
of  the  potatoes,  will  be  evenly  distributed  for  the  wheat,  rye  or  other 
crop  which  may  follow.  The  modern  horse  potato  planters  are  almost 
invariably  provided  with  fertilizer  attachments,  planned  only  for 
distributing  the  fertilizer  in  the  bottom  of  the  furrow  in  a  compara- 
tively narrow  line.  While  the  crop,  of  course,  benefits  from  this 
application,  it  does  not  by  any  means  do  so  to  the  extent  that  would 
be  possible  were  the  plant  food  spread  throughout  the  soil.  Only  a 
comparatively  small  percentage  of  the  potato  roots  are  found  within 
the  restricted  limits  of  the  three  or  four  inch  wide  strips  extending^ 
beneath  the  rows  of  plants.  True  the  feeding  roots  of  plants,  accord- 
ing to  one  of  the  laws  of  nature,  to  some  extent  are  attracted  toward, 
concentrate  and  multiply  about  these  rich  sources  of  available  plant 
food;  but  such  concentration  clearly  means  a  greater  or  lesser  degree 
of  congestion  or  crowding  and  a  corresponding  and  unusual  drain 
upon  the  soil  moisture  of  these  restricted  areas.  This,  especially  in 
seasons  of  severe  drought,  is  a  condition  of  the  feeding  root  systems 
of  our  plants  not  especially  desirable  and  preferably  not  invited. 

It  is,  of  course,  impracticable  in  planting  by  hand,  small  or 
garden  areas  for  home  use,  to  use  a  grain  drill  for  applying  the  fert- 
ilizer.    In  these  small  patches  it  is  a  most  excellent  plan  to  open  the 
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furrows  with  a  larg^e,  broad-bladed,  sing^le  shovel  plow,  leaving:  fur- 
rows approximately  six  inches  deep  and  twelve  inches  broad  at  the 
top.  The  fertilizer  is  then  applied  by  hand,  scattering  it  not 
only  in  the  bottom  of  the  large  furrow,  but  covering  the  sides  or 
slopes  as  well.  When  the  potatoes  are  planted  in  this  furrow,  cov- 
ered, and  the  ground  levelled  down  with  a  fine  tooth  harrow  or 
cultivator,  there  will  be  spaces  fully  a  foot  wide  along  and  beneath 
the  rows,  in  which  the  fertilizer  will  be  well  distributed  and  mixed 
with  the  soil. 

NORTHERN  VERSUS  HOME  GROWN  SEED  POTATOES. 
8TORAQB 

The  widely  prevailing  belief  that  there  is  some  special  quality 
of  superiority  in  northern  grown  potato  seed  stock,  not  possessed 
by  our  home  grown  seed,  is  responsible  for  many  thousands  of 
dollars  being  annually  expended  by  Ohio  potato  growers  for  *  'north- 
em  grown  stock."  The  Experiment  Station  is  frequently  called 
upon  (especially  by  beginners  in  potato  culture)  to  state  whether 
there  is  just  cause  for  entertaining  such  a  belief  and  adhering  to  such 
practice. 

It  must  be  admitted  that  there  is  more  or  less  abuse  of  the 
phrase  "northern  grown;"  it  is  wonderfully  elastic  as  commonly 
employed  in  the  trade,  and  may  signify  much,  considerable,  little,  or 
nothing  at  all.  Maine,  Vermont,  Michigan  or  Wisconsin  grown 
potatoes  are  truly  "northern  grown"  stock  as  received  and  used  by 
Ohio  planters.  Ohio  grown  stock  is  truly  ''northern  grown"  when 
used  by  planters  in  the  southern  states.  Seed  tubers  produced  in 
the  Lake  Erie  district  might,  with  some  justification,  be  sold  as 
"northern  grown"  to  southern  Ohio  growers.  But  frankness 
prompts  the  suggestion  that  an  indiscriminate  selling,  by  dealers 
and  seedsmen,  of  Ohio  grown  stock  to  Ohio  planters,  as  "northern 
grown,"  approaches  a  travesty  on  the  seedsmen's  trade;  it  borders 
closely  on  deception  and  the  getting  of  money  under  false  pretence; 
it  is,  to  say  the  least,  making  use  of  a  "magic  phrase"  that  has  come 
to  mean  too  much  to  the  buying  public  and  too  little  in  reality. 
Happily,  when  the  Ohio  purchaser  seeks  northern  grown  potatoes 
and  is  supplied  with  Ohio  grown  stock  that  is  plump,  sound,  bright 
and  dormant;  and  if  the  conscience  of  the  dealer  become  not  a  source 
of  annoyance  at  these  bits  of  deception,  no  one  is  materially  injured 
— least  of  all  the  buyer;  for,  if  the  seed  be  as  I  described — well  pre- 
served and  dormant — he  will  have  secured  as  good  stock  for  planting 
as  the  continent  produces.  But  let  us  insist  that  this  commodity  be 
placed  on  the  market  for  what  it  is;  and  let  us  judge  its  value  as 
seed  stock  by  its  apparent  purity  as  to  variety  and  by  its  condition 
rather  than  by  its  source. 
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Excellence  or  inferiority  of  potato  seed  stock,  therefore,  depends 
vastly  more  upon  its  condition  at  the  time  of  planting:  than  upon  the 
latitude  or  locality  in  which  it  was  grown.  The  reason  that  northern 
grown  stock  has  come  to  be  noted  for  its  superiority  for  a  more 
southern  latitude  is  because  the  seed  is  wintered  in  a  lower  degree 
of  temperature  in  the  more  northern  sections;  it  is  kept  sound  and 
hard,  crisp,  fresh  and  dormant,  and  comes  down  to  us  at  or  just 
previous  to  planting  time  in  this  most  desirable  condition.  It  has 
lost  none  of  its  vitality  through  sprouting  in  storage.  But,  if  seed 
tubers  of  our  own  growing  be  given  similar  storage  conditions  and  is 
plump  and  dormant  when  spring  comes,  these  are  equal  to  the  best 
stock  in  the  market,  no  matter  how  far  north  it  may  have  been 
produced.  However,  too  often,  our  seed  stock  is  wintered  in  too 
warm  a  storage,  where  it  exhausts  its  vitality  and  becomes  withered 
and  shrunken  through  excessive  sprouting.  Especially  is  this  true 
of  stock  wintered  in  cellars  under  dwellings. 

The  problem  of  storage,  therefore,  becomes  the  chief  considera- 
tion and  the  determining  factor  of  success  as  against  failure  for  the 
professional  potato  seed  grower,  the  dealer  and  the  home  or  market 
grower  who  desires  to  produce  his  own  seed  stock.  It  is  an  especially 
important  matter  with  the  grower  who  is  interested  in  the  improve- 
ment of  his  favorite  variety  or  varieties  by  careful  selection  from 
year  to  year.  He  must  preserve  his  stock  from  season  to  season  and 
preserveit  in  good  condition  if  he  maintain  a  continuity  of  the  fascin- 
ating work  and  marked  progress  he  is  achieving  in  his  chosen  line  of 
potato  breeding.  Those  who  make  a  practice  of  annually  buying 
seed  from  another  latitude  or  section  as  a  rule  do  not  realize  or 
recognize  the  possibilities  of,  nor  attach  great  importance  to  seed 
selection;  and  even  if  they  do,  it  is  not  possible  for  them  to  take  part 
in  the  maintenance  of  the  high  standard  of  a  variety  or  its  improve- 
ment by  the  potent  means  of  selection  of  superior  strains  of  that 
variety. 

Not  only  extended  observation,  but  carefully  conducted  tests  at 
the  Ohio  Station,  have  shown  that  far  northern  grown  potato  seed 
stock  is  not  superior  to  Ohio  grown  seed,  if  our  home  grown  seed  is 
well  preserved.  Bovee,  Happy  Medium,  Gk)ld  Coin  and  Carman  No.  3, 
seed  from  Maine,  Michigan  and  Wisconsin  was,  in  1905,  planted 
alongside  seed  taken  from  the  cool,  barn-basement  storage  on  the 
Station  grounds.  The  growing  and  yielding  qualities  of  the  home- 
grown stock  was  in  every  point  fully  equal  to  the  northern  grown 
seed.  No  more  uniform  plots  could  have  been  grown  had  the  differ- 
ent plots  of  the  same  varieties  been  planted  from  the  same  seed-lots. 
But  it  must  be  admitted  that  our  Station  grown  seed  was  in  equally 
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as  good  condition  at  the  time  of  planting:  as  that  from  the  more 
northern  and  colder  latitudes.  Had  the  seed  of  our  own  growing 
been  robbed  of  its  vitality  by  becoming  excessively  sprouted  in  a  too 
warm  storage,  and  withered  and  shrunken  as  too  often  home  grown 
seed  stock  becomes,  the  results  would  doubtless  have  been  in  favor 
of  the  northern  grown  seed  stock,  as  has  often  been  proved  in  com- 
parative tests. 

A  cellar  or  basement  under  the  barn  or  some  similar  farm  build- 
ing can  usually  be  converted  into  a  suitable  storage  for  seed  potatoes. 
Storage  cellars  under  outbuildings  are  much  cooler  than  those  under 
dwellings.  The  temperature  of  such  a  potato  storage  may  quite 
readily  be  held  at  from  34  to  40  degrees,  by  reasonably  careful 
attention.  When  a  dangerously  low  degree  of  cold  is  threatening,  a 
lantern,  or  small,  oil  stove  may  be  kept  burning  in  the  storage  room. 
To  guard  against  possible  danger  from  explosion,  or  overturning  of 
the  lantern  or  stove,  and  spreading  of  oil,  the  heating  device  should 
be  set  in  a  large  metal  pan,  or  a  metal  tub.  If  the  temperature  of 
the  storage  ascends  to  40  degrees  or  above,  through  the  influence  of 
unusually  high,  daytime  temperature,  the  outside  doors  or  the  venti- 
lators should  be  thrown  open  during  the  colder  temperature  pre- 
vailing through  the  night  time.  This  will  usually  lower  the 
temperature  of  the  storage  and  its  contents  to  the  desired  degree. 
All  outside  openings  should  be  provided  with  fine-meshed  wire 
screens  to  exclude  vermin  when  the  outside  doors  are  open. 

Underground  storage  rooms  or  **caves,"  built  in  a  hillside  or  on 
well-drained  level  situations,  may  be  made  to  do  excellent  service  for 
potato  seed  storage.  The  same  means  of  controlling  the  temperature 
of  these,  as  used  in  cellars  of  outbuildings,  may  be  employed. 

Potatoes  may  also  be  buried  in  out-door  pits  and  kept  in  fine 
condition  until  planting  time.  A  well  drained  location  should  be 
chosen  for  the  pit— one  from  which  the  surface  water  will  readily 
run  away.  The  tubers  are  piled  in  conical,  pyramidal  or  long,  sharp- 
ridged  heaps,  and  covered  over  with  six  or  eight  inches  of  clean 
straw.  Over  the  straw  is  covered  about  six  inches  of  soil.  Straw  is 
also  spread  on  the  ground  in  a  circle  a  little  distance  back  from  the 
base  of  the  pit;  this  is  to  prevent  the  ground  thus  covered  from 
freezing,  so  that  more  soil  may  be  readily  available  when  desired. 
As  soon  as  the  first  covering  of  the  soil  over  the  pit  has  become 
solidly  frozen  a  second  covering  of  straw  is  added,  and  over  the 
straw  another  six  inches  of  soil.  The  second  stratum  of  soil  is  then 
allowed  to  freeze  solid,  after  which  a  layer  of  bundles  of  corn  stover 
or  a  heavy  covering  of  straw  is  placed  around  or  over  the  pit,  to 
shade  and  maintain  the  low  degree  of  temperature  prevailing  within. 
Potatoes  wintered  in  this  way  come  out  clean,  plump,  fresh  and 
nnsprouted  at  planting  time. 
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It  is  evident  that  as  the  preservation  of  seed  potatoes  in  good 
condition  for  planting:  becomes  more  and  more  difficult  as  the  south- 
ern limit  of  Ohio  is  reached,  the  advisability  of  procuring:  seed  from 
more  northern  sections  becomes  a  more  important  consideration 
unless  some  plan  of  cold  storage  is  available.  But  in  the  northern 
two-thirds  of  our  state,  no  great  difficulty  need  be  experienced  in 
keeping"  home  grown  stock  ingoodcoiidition  in  carefully  constructed 
outbuildings  or  barn  storage  rooms.  Growers  in  the  southern  states 
resort  to  growing  a  second  crop  of  potatoes  from  the  seed  of  the 
first  crop,  in  a  single  season.  The  second  crop  seed  keeps  in  good 
condition  for  the  next  season's  planting.  This  plan  is  not  practicable 
for  our  latitude;  but  late  planting  of  "sun-sprouted"  seed  tubers 
may  be  substituted,  and  an  excellent  quality  of  long-keeping  seed 
stock  produced  for  the  following  year's  planting.  Such  seed  stock 
is  fully  equal  to  second  crop  southern  seed,  and  is  better  than  much 
of  the  so-called  northern  grown  seed  found  in  the  market. 

"SUN-SPROUTING"    SEED    POTATOES  AS  A  MEANS  OF  PRESERVATION 
AND  PREPARATION  FOR  PLANTING 

While  it  is  impossible  to  preserve  seed  potatoes  in  good  con- 
dition in  a  storage  which  combines  a  too  high  degree  of  temperature 
with  darkness,  semi-darkness  or  even  slightly  subdued  light,  it  is 

quite  possible  to  keep 
them  for  several  weeks, 
in  late  spring  or  early 
summer,  when  they  are 
spread  thinly  on  the 
floor  of  a  bright  sunny 
room.  After  danger  of 
freezing  weather  is  past 
they  are  even  better 
placed  out  of  doors  in 
the  direct  sunshine. 
A  series  of  shelves  ar- 
\  ranged  one  above  an- 

other on  the  southern 
exposure  of  the  dwell- 
ing or  a  farm  building 
provides  an  excellent 
place  for  sun  sprouting. 
The  tubers  are  spread 
in  single  layers  on  the 

Fig.  I.    Tuber  exposed  to  direct  sunliffht  for  four  weeks.  shelveS  and  allowed   tO 

remain  until  wanted  for  planting.  Exposed  to  the  full  force  of  the 
sun's  rays  the  tubers,  instead  of  sending  out  long,  white,  tender, 
succulent  sprouts  as  in  poorly  lighted  storage,   become  hardened  in 
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flesh  and  green  in  color,  and  very  short,  stubby,  firm,  green  sprouts 
are  developed  by  the  eyes.  Withering  of  the  tubers  is  but  slight  as 
compared  with  that  under  conditions  found  in  a  warm,  dark  storage, 
and  they  will  remain  in  the  sunlight  many  weeks  in  good  condition 
for  planting.  Photographs  are  herewith  presented  showing  one 
tuber  that  was  exposed  to  the  sunlight  four  weeks  and  another  that 
was  exposed  ten  weeks.  Such  tubers,  when  cut  one  sprout  to  a  piece 
and   planted,   send    up  strong  plants  in  a  surprisingly  short  time. 


Pig.  3.    Tuber  exposed  to  direct  sunliffut  for  ten  weeks. 

It  is  hardly  profitable  to  sun  sprout  large  tubers  for  planting,  as  not 
all  of  the  eyes  will  develop  sprouts  and  considerable  waste  will 
result.  However,  the  plan  is  excellent  when  smaller  tubers  are  used 
and  planted  without  cutting.  So  firm  and  tough  become  the  hard 
short,  sturdy  sprouts  developed  in  the  sun,  that  planting  may  be 
done  with  certain  horse-power  machines  without  injury  to  the  seed 
tubers  if  not  too  many  are  placed  in  the  planter  at  a  time.  Planting  of 
sun-sprouted  seed  is  often  delayed  as  late  as  the  early  part  of  July 
with  excellent  results  in  the  production  of  a  fine  quality  of  seed 
stock  for  the  following  year. 
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Seed  stock  subjected  to  the  prolong-ed  "sun  bath"  does  not 
require  treatment  for  tuber  infesting"  fungi,  with  formalin  or  cor- 
rosive sublimate.  Bright,  hot  sunshine  is,  in  itself,  an  effective 
fungicide.  However,  the  usual  recommended  treatment  with  form- 
alin seems  not  to  produce  any  injury  to  the  firm,  green  sprouts,  as 
determined  by  a  test  in  the  season  of  1908. 

By  the  plan  of  sprouting*  the  tubers  of  first  early  varieties  in  a 
sunny  room  early  in  the  spring,  the  season  of  new  potatoes  for 
table  use  can  be  hastened  nearly  or  quite  two  weeks,  as  was 
also  demonstrated  in  1908  in  a  comparison  of  sun-sprouted  seed  with 
ordinary  cellar  stored  stock. 

EXPERIMENTS  WITH  DIFFERENT  QUANTITIES  OF 
SEED  POTATOES  PER  ACRE 

The  principle  test  work  with  potatoes  in  th3  season  of  1906-1907, 
aside  from  the  regular  fertilizer  and  variety  experiments,  was  the 
comparison  of  diflferent  quantities  of  seed  per  acre  (determined  by 
the  different  sized  seed  pieces  used)  planted  in  adjoining*  uniform 
plots  of  soil.  The  work  was  taken  up  in  response  to  numerous 
inquiries  from  correspondents,  and  conducted  with  the  utmost  care 
and  interest. 

In  this  experiment  were  used,  the  first  year,  10,  15,  25  and  40 
bushels  per  acre,  planting  two  standard  varieties,  Bovee  and  Carman 
No.  3,  and  duplicating  the  work  in  full  so  that  dependable  average 
results  might  be  obtained.  The  second  year's  work  was  a  duplica- 
tion of  that  of  the  first  year  with  the  exception  of  one  additional  plot, 
representing  a  different  rate  of  seeding  with  a  different  class  of  seed 
tubers  not  used  the  first  season.  This  will  be  explained  in  its  proper 
place. 

The  seed  pieces  were  very  carefully  cut  and  accurately  weighed 
in  each  and  every  rate  of  planting.  In  the  10  bushels  per  acre  rows 
one-eye  seed-pieces  were  used;  in  the  15  bushels  per  acre,  two  eyes; 
in  the  25  bushels  per  acre,  half  tubers,  and  in  the  40  bushels  per 
acre  whole  tubers.  The  tubers  throughout  were  smooth,  of  fine 
form  and  as  nearly  uniform  in  size  as  it  was  possible  to  have  them 
in  order  to  secuie  the  desired  weights  from  the  diflferent  sized 
seed  pieces.  In  order  to  overcome  the  now  generally  recognized 
tendency  of  plants  to  perpetuate,  in  the  new  generation,  individual 
characteristics  whether  these  be  desirable  or  objectionable,  not 
more  than  one  seed  piece  from  a  divided  tuber  was  permitted  to  be 
planted  in  a  single  test  row.  As  an  illustration:  In  the  selection  of 
seed  tubers  it  is  quite  likely  that  we  shall  unwittingly  choose  an 
occasional  tuber  that  was  grown  from  a  seed  piece  that  pro- 
duced in  the  hill  a  very  small  number   of  tubers.     Perchance   the 
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tuber  we  have  chosen  for  planting:  was  the  only  one  of  acceptable  size 
produced  by  its  parent  plant;  we  do  not  and  cannot  know,  unless  we 
had  selected  the  seed  tubers  from  individual  plants  or  hills  the  pre- 
ceding: season.  Assuming"  that  the  unproductiveness  of  that  partic- 
ular hill  was  inherited  from  the  parent  seed  stock,  it  is  evident  that 
we  should  make  a  grave  mistake  in  dividing  possibly  the  only  good 
tuber  from  that  hill  and  using  it  for  planting  a  consecutive  number 
of  hills  in  a  single  test  row.  What  is  true  of  a  tuber  of  inherent 
unproductiveness   is  also  true  of  a  tuber  of  inherent    prolificacy. 


40  bu.  per  acre  25  bu.  per  acre  IS  bu.  per  acre  10  bu.  per  acre 

Fig.  3.    Heavy  and  light  aeeding. 

Therefore,  in  order  to  render  our  test  of  more  value  and  dependence, 
we  first  cut  a  tuber  in  halves.  One  half  was  used  to  plant  one  hill  in 
in  the  25  bushels  per  acre  section.  One  eye  out  of  the  remaining 
half  went  to  form  a  hill  in  the  10  bushels  per  acre  section.  A  two- 
eye  piece  from  the  same  half-tuber  found  its  way  to  a  hill  in  the  15 
bushels  per  acre  section.  If  there  were  any  eyes  left  from  that 
particular  half-tuber,  they  were  discarded.  Each  hill  of  the  40 
bushels  per  acre  section  of  course  required  a  whole  or  individual 
tuber,  hence  there  was  no  division  and  no  great  danger  of  duplication 
of  seed  tubers  from  the  same  parent  plant. 


Digitized  by 


Google 


572 


OHIO  EXPERIMENT  STATION:  BULLETIN  218 


It  was  interesting"  to  note  the  difference  between  the  young 
plants  of  the  different  sections,  as  they  pushed  up  through  the  soil 
in  due  time  after  planting.  The  difference  in  vigor  of  plants,  for  the 
first  week  or  two,  was  decidedly  in  favor  of  the  whole  tubers.  The 
plants  from  the  one-eye  pieces  were  at  first  much  more  slender  than 
those  from  the  two-eye  pieces,  half-tubers  or  whole  tubers.  These 
more  delicate  plants  required  greater  care  in  the  first  cultivation,  but 
the  diflference  was  not  so  apparent  later  on  as  the  plants  gained  in 
size  and  vigor,  and  by  the  height  of  the  g-rowing*  season  the  individ- 
ual stalks  from  the  single-eye  pieces  were  as  large  and  strong  as  the 
stalks  from  the  larger  seed  pieces. 

As  the  rate  of  seeding  per  acre  was  increased,  depending  on  the 
size  of  seed  pieces  used,  in  like  proportion  was  the  average  number  of 
plants  or  stalks  per  hill  increased.  Increasing  the  size  of  potato 
seed  pieces,  therefore,  (with  a  corresponding  addition  to  or  multi- 
plication of  the  number  of  eyes  contained)  is  equivalent  to  increas- 
ing the  number  of  grains  per  hill  in  seeding*  corn;  and  from 
extended  observation  in  the  past  as  well  as  from  experiments  con- 
ducted to  obtain  data  for  this  bulletin,  the  results  in  either  case 
may  reasonably  be  expected  to  prove  similar.  By  increasing  the 
number  of  stalks  per  hill  (up  to  a  certain  limit)  the  total  yield  may 
be  somewhat  enlarged,  but  this  gain  in  yield  is  often  at  the  expense 
of  the  size,  development  and  quality  of  the  product — ^whether  this 
product  be  potato  tubers  or  ears  of  corn.  The  following  table  shows 
the  average  number  of  potato  stalks  per  hill  from  the  different  sized 
seed  pieces  used.     One  row  of  45  hills  was  counted  in  each  section: 

BOVBB 


Size  of  seed  pieces 


Rate  of  seeding* 


Total  number 

of  stalks  in  one 

row  of  45  hills 


Average 
number 
stalks 
per  bill 


One  eye 

Two  eyes 

Half-tubers 

Whole  tubers 

Small  tubers  (2  oz.). 


10  bus.  per  acre 

15 

25 

40 

22.6       •• 


94 
144 
282 
495 
356 


2+ 
3+ 
6+ 

n 

7f 


CARMAN  No.  3 


One  eye 

Two  eyes 

Half  tubers 

Whole  tubers 

Small  tubers  (2  oz.}. 


2+ 
3+ 

4+ 
5+ 
44- 


It  will  be  noted  that  in  the  above  table  that  the  large  seed  pieces 
of  Bovee  produced  a  correspondingly  increased  number  of  stalks 
to  the  hill,  while  the  Carman  No.  3  does  not  ex)^ib|tbtlii^t9n<i€ncy  in 
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nearly  so  marked  a  degree.  Indeed  the  Carman,  as  a  representative 
of  a  distinct  type  of  potatoes  to  which  many  varieties  belong,  is 
widely  difiFerent  from  the  Bovee,  which  is  likewise  repre- 
sentative of  another  type  or  family.  It  is  almost  impossible  to  cause 
the  Carman  to  crowd  in  the  hill,  from  the  planting  of  a  single  seed 
piece,  no  matter  how  large.  A  whole  tuber  of  good  size  may  produce 
but  two  or  three  strong  stalks,  while  had  that  same  tuber  been 
divided  into  one-  or  two-eye  pieces  each  piece  would  likely  have 
produced  an  equal  number  of  strong  shoots.  It  can  hardly  be  said 
that  the  buds  or  eyes  of  the  Carman  lack  vigor,  but  it  is  true  that 
there  is  a  tendency  for  a  good  percentage  of  the  eyes  to  remain 
dormant  in  a  whole  or  half  tuber  when  planted,  while  further  cutting 
of  the  same  tuber — the  isolation  of  each  single  eye — would  have 
resulted  in  a  full  percentage  of  growth.  On  the  other  hand  the  Bovee 
represents  a  class  of  varieties  which  may  be  said  to  be  free  and  pro- 
fuse in  their  habit  of  sprouting  or  germination,  as  has  already  been 
demonstrated  in  the  accompanying  table. 

As  to  the  time  of  maturity,  in  the  diflferent  sections  of  the  same 
varieties,  there  seemed  not  to  be  a  noticable  difference,  although  it 
has  been  observed  by  some  experimenters  that  while  plants  from 
whole  tubers  do  not  mature  earlier  in  the  season,  there  may  be 
obtained  from  hills  grown  from  whole  tubers  new  potatoes  of  usable 
or  marketable  size  earlier  in  the  season  than  from  piece  planting. 

'the  following  table  pre^nts,  in  a  form  convenient  for  compari- 
son, the  average  results  of  two  years'  experiments  (1906-1907)  with 
different  quantities  of  seed  potatoes  per  acre.  The  test  of  small 
tubers,  as  noted  in  the  table,  was  included  only  in  the  test  of  the 
second  season  (1907).  The  addition  of  this  test  of  small  tubers  was 
and  is  considered  a  feature  of  but  minor  importance.  The  figures 
are  given  only  as  a  matter  of  interest. 

It  will  at  once  be  noticed  that  with  the  Bovee  the  yield  of  small 
or  "unmarketable"  tubers  (tubers  less  than  two  ounces  in  weight) 
•  increases  quite  uniformly  as  the  size  of  the  seed  pieces  and  quantity 
of  seed  per  acre  are  increased.  This  is  not  apparent  with  the 
Carman,  clearly  for  reasons  already  given  with  reference  to  the 
Carman's  peculiar  nature  or  habit  of  restricted  sprouting  or 
"germination." 
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TABLE  SHOWING  RESULTS  OF  USING  DIFFERENT   QUANTITIES  OF  SEED  POTAXOKS 
PER  ACRE.    AVERAGE  FOR  TWO  YEARS 


Yield  per  acre.  bus.            50              100            150              200 

Bovee 

10  bushels  per  acre 
marketable 

unmarketable 

146.6 
32.7 

1         1 

(one  eye) 

^ 

Bovee 

(two  eyes) 

15  bushels  per  acre 
marketable 

unmarketable 

ise.i 

45.5 

— ■ 

Bovee 

(half  tubers) 

25  bushels  per  acre 
marketable 

unmarketable 

131.7 
73.5 

■■■« 

Bovee 

(whole  tubers) 

40  bushels  per  acre 
marketable 

unmarketable 

168.7 
99.4 

Bovee 

(small  or  2  oz. 
tubers) 

22.6  bushels  per  acre 
marketable 

unmarketable 

150.1 
73.5 

— ^ 

Carman  No.  3 

10  bushels  per  acre 
marketable 

unmarketable 

164.2 
26.1 

(one  eye) 

H 

Carman  No.  3 

15  bushels  per  acre 
marketable 

unmarketable 

204.3 
31.7 

(two  eyes) 

^ 

Carman  No.  3 
(half  tubers) 

25  bushels  per  acre 
marketable 

unmarketable 

217.1 
35.7 

^ 

Carman  No.  3 
(whole  tubers) 

40  bushels  per  acre 
marketable 

unmarketable 

223.0 
51.8 

■Hi 

Carman  No.  3 
(small  or  2  oz. 
tubers) 

22.6  bushels  per  acre 
marketable 
unmarketable 

145.2 
48.2 

^H 

Upon  a  basis  of  dollars  and  cents,  we  find  that  the  Bovee,  at  the 
fair,  average  price  of  50  cents  per  bushel  both  for  the  seed  used  and 
the  product  gfrown: 

15  bushels  of  seed  per  acre  gave  a  gain  of  $  3.75  over  the  10  bushels. 

15  bushels  of  seed  per  acre  gave  a  gain  of    18.70  over  the  25  bushels. 

IS  bushels  of  seed  per  acre  gave  a  gain  of      7.70  over  the  40  bushels. 
With  the  Carman  No.  3,  at  the  same  price  per  bushel: 

15  bushels  of  seed  per  acre  gave  a  gain  of  $17.55  over  the  10  bushels. 

25  bushels  of  seed  per  acre  gave  a  gain  of      1.40  over  the  15  bushels. 

15  bushels  of  seed  per  acre  gave  a  gain  of      3.15  over  the  40  bushels. 
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In  these  calculations  the  value  of  the  excess  of  seed,  where  the 
largrer  quantities  were  used,  was  of  course  taken  into  consideration. 

There  yet  remains  a  very  important  feature  to  be  explained 
which  the  foregx)ing:  table  does  not  exhibit.  This  matter  pertains  to 
the  size,  uniformity  and  beauty  of  the  tubers;  these  qualities  figure 
larg-ely  when  the  product  goes  upon  the  market — especially  a-  dis- 


Piff.  4.    Bovee.    Product  of  wedine  at  rate  of  10  bus.  per  acre— one-eye  seed  pieces. 

criminating,  retail  market.  In  every  case  the  tubers  grown  from  the 
one-  and  two-eye  seed  pieces,  while  somewhat  less  in  number,  average 
farabove  those  grown  from  the  heavier  rates  of  seeding.  For  the  cause 
of  this  we  have  only  to  refer  to  the  table  showing  the  proportionate 
increase  of  the  number  of  stalks  or  plants  per  hill  as  the  quantity  of 
seed  per  acre  is  increased  by  using  larger  seed  pieces.     It  becomes 


Piff.  6.    Bouee.    Product  of  seeding  at  rate  of  15  bus.  per  acre^two-eye  seed  pieces, 

clear  that  a  surplus  potato  stalk  in  a  hill  of  potatoes  is  just  as  a  sur- 
plus stalk  of  corn  in  a  hill  of  corn;  it  is  a  '*weed  plant;"  and  while  its 
presence  may  or  may  not  lower  the  total  yield,  in  weight  or  bulk,  of 
the  hill  in  which  it  occurs,  its  presence  will  detract  from  size,  the 
fullest  development  and  sightliness  of  the  individual  tubers  produced 
in  that  hill.  The  photographs  which  follow  show  conclusively  that  the 
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quality  of  the  product  declines  as  the  rate  of  seeding"  per  acre 
increases,  even  though  the  scales  and  the  bushel  measure  may  indi- 
cate a  greater  or  lesser  increase  in  the  total  weight  or  bulk. 

Inasmuch  as  whole,  small  or  two  ounce  tubers  were  used  in  1907 
in  comparison  with  the  one-  and  two-eye  seed  pieces  and  the  half- 
tubers  and  whole  tubers  (all  from  select  stock)  it  will,  perhaps,  be 


Pig.  6.    Bovee.    Product  of  aeedine  at  rate  of  75  bus.  per  acr»~lialf- tuber  seed  pieces. 

well  to  include  a  brief  statement  relative  to  results.  For  reasons 
which  will  be  made  clear  in  the  chapter  on  potato  seed  selection  and 
improvement,  the  writer  does  not  care  to  spend  much  time  with 
small  tubers  as  a  basis  of  experimental  work  vdth  potatoes,  nor  val- 
uable space  in  discussing  them.  However,  it  has  been  urged  by 
some  growers  (and   it  is  true)  that  small  potatoes  used  for  seed 


Pig.  7.    Bovee.    Product  of  seeding  at  rate  of  40  bus.  per  acre^wbole  tubers  for  seed. 

materially  cuts  down  the  expense  of  crop  production,  because  of 
such  stock  not  being  marketable — because  it  would  otherwise  repre- 
sent a  by-product,  a  waste,  a  loss  in  the  business  of  the  market 
grower.  Certainly  economy  in  every  industry  is  to  be  commended 
and  encouraged  so  long  as  such  economy  does  not  foster  a  menace 
for  the  future.     So  long  as  the  grower  produces  stock  for  a  market 
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that  caters  solely  to  the  country's  food  supply  and  chooses  to  use 
the  culls,  the  screenings,  the  chaflf  of  his  successive  crops  for  seed 
we  can  hardly  object;  but  when  he  repeatedly  uses  such  seed 
stock  and  disposes  of  his  product  to  seed  dealers  who  distribute  it 
far  and  wide  as  pure,  well-bred,  hig-h-class  seed  stock,  the  thread  of 
truth,  honor,  discretion  and  safety  is  strained  wellnig-h  to,  if  not 
beyond  the  breaking:  point. 


Pi£.  9.    Carman.    Product  of  aeeeinc  at  rate  of  15  bua.  per  acre— two-eye  seed  pfeces. 

Small  seed  potatoes,  planted  whole,  often  produce  as  gfreat  a  bulk 
of  tubers  that  can  be  passed  into  the  marketable  g^rade,  as  piece-plant- 
ing" of  good  sized  tubers;  but,  taken  as  a  whole,  the  character  of  the 
marketable  stock  grown  from  small  tubers  is  far  below  that  pro- 
duced from  one-  or  two-eye  pieces  of  larger  and  uniform  seed  stock. 


Piff.  8.    Carman.    Product  of  scoding  at  rate  of  10  bus.  per  acre— one-eye  seed  pieces. 

These  results  have  been  observed  again  and  again;  it  needed  no  field 
test  to  prove  what  has  been  seen  year  after  year  in  various  sections. 
Therefore,  as  was  anticipated,  just  such  results  were  found  very 
marked  in  the  test  plots  of  1907.  The  marketable  quantities  from 
the  small  seed  tubers  compared  well  with  the  marketable  quantities 
from  the  different  rates  of  seeding  from  large  tubers,  but  the  aver- 
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age  size  of  the  tubers  that  composed  the  marketable  product  from 
the  small  seed  was  very  noticably  inferior  to  the  product  of  one-  and 
two-eye  pieces  of  the  same  varieties  grown  in  adjoining  plots,.while 


Fir.  10.    Carman.    Product  of  seeding  at  rate  of  25  bua,  per  acre— half-tuber  seed  pieces. 

the  proportion  of  small  or  unmarketable  tubers  was  greater  in 
both  Bovee  and  Carman  No.  3  than  from  any  of  the  rates  of  seeding: 
save  that  of  40  bushels  per  acre  where  the  large,  whole  tubers  were 


Fiff.  11 .    CarmaD.    Product  of  aeedinr  at  rate  of  40  bus.  per  acre— whole  tubers  for  seed. 

used.  The  crowding  of  the  plants  in  the  hill  where  small,  whole 
seed  was  used,  was  but  little  less  than  where  the  whole,  large  tubers 
were  planted — as  might  well  be  expected  from  the  fact  that  a  small 
tuber  contains  as  many  eyes  as  that  same  tuber  would  have  con- 
tained had  it  grown  to  much  greater  size. 

POTATO  SEED  SELECTION  AND  IMPROVEMENT.     TUBER 
ROW  AND  HILL-ROW  TESTS 

By  far  the  greater  number  of  new  varieties  of  potatoes  originate 
as  seedlings;  this  is  true  also  of  most  varieties  of  vegetables,  fruits 
and  cereals.  Many  potato  growers  insist  that  a  variety  possesses  a 
fixed  character;  that  its  attributes — excellent,  mediocre  or  inferior — 
are  determined  for  all  time  at  its  origin,  its  birth;  that  it  remains 
absolutely  unchangeable  so  long  as  it  is,  through  the  exercise  of 
proper  care,  propagated  and  perpetuated  in  purity.     Certain  others 
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maintaia  that  even  thoug^h  a  variety  possess  all  the  qualifications  of 
an  ideal  potato  at  and  immediately  subsequent  to  its  origination  it 
ivill,  as  time  passes,  gradually  decline  in  vitality,  pcolificacy  and 
quality  until  it  is  no  longer  of  value;  that  it  will,  to  use  a  common 
phrase,  "run  out."  Still  others,  and  in  this  class  are  included  our 
practical  and  scientific  plant  breeders,  recognize  the  fact  that  there 
are  no  duplications  in  nature;  that  no  two  plants  of  the  same  variety, 
divisions  of  the  same  plant,  or  buds  of  the  same  division  are  abso- 
lutely identical  either  in  physical  construction  or  power  to  reproduce. 
]Each  plant,  division,  branch  and  bud  possesses  an  individuality  which 
renders  it  more  or  less  different  from  others  of  its  kind.  This  is 
termed  natural  plant  variation.  Such  variations,  it  is  true,  are 
usually  so  slight,  so  generally  unnoticeable,  as  rarely  to  attract 
attention  from  the  casual  observer;  but  there  are  no  set  boundaries, 
no  marks  of  limitation,  within  which  the  individuality  of  a  plant  may 
safely  be  declared  to  assert  itself.  Nine  hundred  and  ninety-nine 
plants  of  a  certain  variety  may  be  stamped  each  with  its  own  peculiar 
though  perhaps  well  nigh  inscrutable  personality,  while  the  one- 
thousandth  individual  may  manifest  so  little  regard  for  family 
precedent,  example  or  influence  as  to  bound  so  high  above  or  descend 
so  far  below  the  average  of  its  companions  in  performance  or  appear- 
ance, or  both,  as  to  establish  a  new  record  for  excellence  or  utter 
worthlessness  never  before  approached  by  an  individual  plant  of  that 
variety.  It  has,  indeed,  sprung  so  far  without  the  usual  limits  of 
performance  of  its  parent  type  as  to  warrant  its  being  declared  a 
new  variety.  This  greater  variation  of  plants  is  technically  known 
as  mutation^  though  the  terms  "bud  sporting"  and  '"freaking"  are 
commonly  applied.  To  mutation  was  due  the  origin  of  the  White 
Seneca  Beauty  or  Livingston  potato,  which  was  discovered  as  a  white 
skinned  tuber  in  a  hill  of  red  Senecas — an  excellent  example  of 
"sporting."  Other  examples  of  varieties  of  fruits  and  vegetables 
originating  in  this  manner  might  be  given.  If  this  remarkable  break- 
ing away  from  varietal  boundaries  has  been  in  the  direction  of 
improvement,  the  new  variety  will  be  accorded  an  appreciative 
reception  at  the  hands  of  the  culturists;it  will  become  widely  known 
and  profitably  grown.  If,  on  the  other  hand,  the  extreme  variation 
brings  with  it  only  inferiority  as  compared  with  the  original,  average 
or  parent  type  (which  is  more  often  true)  it  may  well  be  lost  to 
cultivation,  as  it  surely  will  be. 

Therefore,  through  extreme  bud  variation  or  mutation  may  a  new 
variety  be  bom  as  truly  as  from  seed.  Likewise,  through  the  lesser, 
though  still  clearly  marked  m-utations,  may  a  variety  improve  or 
degenerate  without  losing  its  identity  with  the  parent  variety;  and  it 
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is  Upon  this  natural  variation  of  plants — even  the  lesser  variations — 
that  the  plant  breeder  bases  his  reasonable  hope  of  success  in  the 
betterment  of  already  standard  and  favorite  varieties,  by  selection 
of  such  strains  as  give  promise  of  retaining  the  desirable  and  elim- 
inating* the  undesirable  characteristics  of  the  original  type.  Such 
improvements  are  already  accredited  to  not  a  few  of  our  thoughtful 
careful,  potato  breeders. 

We  have,  then,  in  view  of  the  fact  of  universal  plant  variation,  to 
unlearn  the  old  adage  that  "like  begets  like."  Instead,  at  the  very 
outset  of  our  efifort  to  improve  varieties  by  selection,  let  us  assure 
ourselves  that,  as  a  rule  and  at  best,  similarity  begets  similarity; 
that  a  variety  is  composed  of  a  great  number  of  strains;  that  the 
older  a  variety  may  be  the  greater  will  be  this  multiplication  of 
strains,  that  these  multitudinous  strains  will  represent  all  gradations 
of  value  from  the  superior  to  the  inferior,  yet  possibly  all  be  suffic- 
iently similar  to  the  original  type  to  justify  us  in  maintaining  that 
the  variety  is  pure. 

What  would  be  the  result,  therefore,  of  separating  the  superior 
strains  of  a  variety  of  potato,  as  represented  by  perfectly  formed 
tubers  from  high-yielding  hills,  from  the  commonplace  and  inferior 
and  planting  these  separately?  The  yielding  power,  uniformity  and 
appearance  of  that  variety  would  at  once  show  marked  improvement. 
On  the  other  hand  if  the  inferior  strains,  as  represented  by  the 
small,  imperfectly  formed  tubers  from  low-yielding  hills,  be  separ- 
ated from  the  superior  strains  and  used  for  seed,  the  yielding  power 
will  be  reduced  and  the  uniformity  and  appearance  will  exhibit 
marked  deterioration.  , 

It  is  for  the  purpose  of  separating  the  superior  from  the  com- 
monplace and  inferior  that  the  several  plans  for  selection  of  seed 
stock  have  been  devised.  Let  us  caref uUy  note  at  least  two  of  these 
schemes: 

It  often  happens  that  the  interest  of  the  potato  grower  in  potato 
seed  improvement  is  awakened  only  at  or  near  the  time  of  planting. 
His  only  recourse  at  such  a  time  is  to  choose  his  seed  from  the  bulk 
or  **bin"  of  the  storage.  This  plan  is  open  to  well  founded  objections 
as  compared  with  choosing  seed  stock  from  individual  hills  in  the 
field  at  the  time  of  digging,  but  it  is  vastly  more  to  be  commended 
than  failure  to  choose  at  all.  Let  us  see  wherein  lies  the  weakness 
of  selecting  even  the  choicest  appearing  tubers  from  the  bin  or  bulk. 
It  is  evident  that  the  planter  will  accept  only  those  specimens  which 
appeal  to  him  as  representative  or  typical  of  the  variety  with  which 
he  is  concerned;  they  must  be  smooth,  uniform  and  bear  indications 
of  vitality  as  evidenced  by  soundness  and  well-developed  eyes.     But 
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he  has  no  means  of  determining:  whether  a  tuber  answering  these 
requirements  in  appearance  was  one  of  several  similar  ones  in  a  high- 
yielding*  hill,  or  the  only  one  of  its  size  in  a  low-yielding  hill.  It  would 
really  be  to  his  future  interest  and  profit  to  separate  these  strains, 
retaining  the  prolific  and  discarding  the  unproductive.  The  tuber- 
row-test    will  prove  this  point  and  he  will  proceed  as  follows: 

Cut  each  of  the  selected  tubers  to  uniform,  one-eye  pieces.  It 
is  not  difficult  to  find  tubers  of  almost  any  variety  that  will  each 
aflFord  ten  such  seed-pieces;  but  let  the  number  of  seed-pieces  from 
each  selected  tuber  be  such  that  the  test  rows  planted  from  each  will 
be  uniform  in  length  and  number  of  hills.  Plant  these  tuber-test-rows 
with  one  seed-piece  to  a  hill,  the  hills  16  inches  apart  and  marked 
with  a  numbered  stake  driven  securely  in  the  ground,  on  as  nearl^ 
uniform  soil  as  can  be  chosen.  Give  the  same  care  in  the  way  of 
fertilization,  cultivation  and  spraying  to  all  the  rows  composing  the 
tuber  tests.  There  is  no  limit  to  the  number  of  tuber  rows  which 
may  thus  be  included  in  the  trial  plot;  but  it  is  a  significant  fact  that 
the  greater  the  number  of  tubers  thus  planted  the  greater  will  be 
the  number  of  striking  variations  sure  to  be  exhibited  both  in  habit 
of  growth  of  the  plants  and  in  yields;  and  also  the  more  extended 
will  be  the  opportunity  of  obtaining  a  number  of  superior  strains  of 
the  variety  being  studied.  At  digging  time  the  product  of  each  test- 
row  should  be  weighed  and  the  weight  as  well  as  the  general  char- 
acteristics of  the  product  carefully  compared  with  those  of  its 
companion  rows.  The  more  excellent  lots  may  be  distinctly  label- 
led by  numbers  and  kept  in  separate  crates  for  a  second  trial  upon  a 
more  extended  scale;  or,  if  but  one  season's  trial  be  all  that  it  be  desir- 
ed to  make,  the  superior  yielding  strains  may  be  thrown  together,  thus 
forming  a  composite  seed  lot  to  be  planted  the  following  season  in 
comparison  with  ordinary  or  unselected  stock.  This  is  not  recom- 
mended, however,  in  careful  potato  selection;  the  isolation  of  separate 
strains  should  be  maintained  until  the  one  superior  strain  is  determ- 
ined by  repeated  tests.  The  second  season's  test  should  be  in 
duplicate — that  is,  one-half  the  seed  of  a  certain  tuber-product  should 
be  planted  in  Row  No.  1  in  Section  A,  and  the  other  half  in  Row  No. 
1  in  Section  B  in  another  part  of  the  field  or  area.  Average  results  in 
yield  under  different  conditions  are  thus  obtained  from  each  strain. 

The  ideal  method  of  inaugurating  an  experiment  in  potato  seed 
selection  is  to  make  the  original  selection  in  the  field  at  the  time  of 
digging  the  crop.  Several  hundred  hills  should  be  dug  in  a  repre- 
sentative portion  of  the  field,  each  hill  being  thrown  by  itself.  After 
the  separate  hill  products  are  thus  exposed  a  careful  selection  of 
individual  hills  should  be  made,  choosing  only  such  hills  as  contain 
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a  satisfactory  yield  of  uniform,  marketable  tubers  which  are  typical 
of  the  variety  to  which  they  belong.  It  is  well  to  keep  in  mind  that 
a  hill  of  potatoes  may  be  good  because  it  is  inherently  good,  or  it 
may  be  good  because  of  certain  conditions  of  the  soil  or  of  other 
environment  which  have  affected  that  hill  alone.  A  few  small  tubers 
in  a  hill  should  be  no  objection  to  the  choosing  of  that  hill,  providing 
that  hill  contains  a  liberal  yield  of  good,  representative,  marketable 
tubers.  Each  hill  chosen  should  be  bagged  separately  and  numbered 
consecutively.  Muslin  bags  are  preferable,  though  strong,  paper 
bags  may  be  made  to  answer.  The  muslin  bags  are  superior  because 
the  hill  selections  contained  therein  cannot  only  be  readily  and  safely 
stored  in  covered,  mouse-proof  barrels,  but  at  planting  time  the  seed 
can  be  treated  in  the  bags  with  formalin  or  corrosive  sublimate,  by 
throwing  the  bags  of  seed  into  the  solution.  With  paper  bags  this 
cannot  be  done  without  their  breaking  and  causing  mixture  of  the 
potatoes. 

At  planting  time  from  each  hill  of  tubers  is  cut  a. certain  number 
of  uniform,  one-eye  seed-pieces.  It  is  quite  easy  to  obtain  from  an 
average  hill  20  of  these  seed-pieces.  Duplicate  test  rows,  each  con- 
taining 10  seed-pieces  planted  one  eye  to  a  hill  and  the  hills  16  inches 
apart,  are  planted  from  each  parent  hill,  on  uniform  soil.  As  an 
illustration  from  parent  hill  No.  1  are  cut  20  one-eye  seed-pieces;  ten 
of  these  single-eye  pieces  are  planted  in  hill-row  No.  1  in  Section  A; 
the  remaining  10  similar  pieces  are  likewise  planted  in  hill-row  No.  1, 
Section  B  (the  duplicate).  Parent  hill  No.  2  likewise  goes  to  plant 
hill-row  No.  2  in  Section  A  and  hill-row  No.  2  in  Section  B.  Every 
fifth  or  sixth  row  in  both  Section  A  and  Section  B  is  planted  with 
good  tubers  taken  at  random  from  bin  or  bulk,  cut  to  one-eye  pieces 
and  so  distributed  in  the  various  check  rows  that  but  one  seed-piece 
from  each  tuber  will  be  planted  in  the  same  check  row.  Twenty 
such  tubers,  each  cut  to  10  single  eye  pieces,  will  suffice  to  plant  20 
check  rows  of  10  hills  each  with  no  two  hills  in  the  same  check  row 
planted  from  the  same  tuber.  In  detail,  **check  tuber"  No.  1  cut  to 
10  one-eye  pieces  may  be  used  to  plant  hills  No.  1  in  ten  different 
check  rows;  "check  tuber"  No.  2  cut  in  the  same  way  will  go  to  plant 
hills  No.  2  in  th^  ten  different  check  rows,  etc.  The  object  of  the 
check  rows  is  to  afford  a  standard  or  average  made  up  of  composite 
seed  stock,  with  which  to  compare  the  yields  from  the  differet  rows 
planted  from  selected  parent  hills.  The  following  diagram,  the 
writer  trusts,  will  assist  in  rendering  the  plan  of  a  duplicated  bill- 
row  test  plot  readily  interpreted. 
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PUkN  OP  A  HII«L-TO^.ROW  TBST  FOR  POTATBS 

Section  A  Section  B  (Duplicate) 

Hill-rowB     !•••♦♦••♦♦•  ♦••••♦•••♦ 

2***     •••••••  •••••••••• 

Cbeck-row    loooooooooo  oooooooooo 

Hill-rows      8****o****»  ••«•««**•• 

7****»*»*»*    ♦••••••••• 

10  ••••♦•••••    ••••♦•♦••• 

Cbeck-n>w  20000000000  oooooooooo 

Well  marked  results  in  potato  seed  selection,  as  determined  by 
the  hill-row  test  plots^  have  been  secured  at  the  Ohio  Station,  both 
in  selection  for  high  yields  of  tubers  and  for  disease  resistance  of 
plants.  The  work  was  begun  under  the  supervision  of  Mr.  C.  W. 
Waid,  in  1903,  by  selecting: 

(1)  A  series  of  heavy  producing  hUls  of  Carman  No.  3,  regard- 
less of  the  character  of  the  plants  producing  such  yields. 

(2)  A  corresponding  series  af  hills  of  the  low  yielding  or  common 
stock  of  Carman  No.  3  for  comparison,  regardless  of  the  character 
of  the  plants  producing  the  same. 

(3)  A  series  of  hills  of  Whiton's  White  Mammoth,  the  plants  of 
which  exhibited  marked  resistance  or  immunity  against  blight, 
which  was  prevalent  in  the  field  in  1903. 

(4)  A  corresponding  series  of  hills  of  Whiton's  White  Mammoth 
the  plants  of  which  were  destroyed  by  late  blight  in  the  season  of 
1903. 

Records  of  yields  from  individual  hills  and  their  progeny,  of 
these  various  lots,  were  secured  by  Mr.  Waid  during  the  seasons  of 
1904-S-6,  all  individual  hill  products  keing  kept  separate  during  that 
time.  In  the  spring  of  1907  the  writer  was  given  charge  of  the  work 
and  the  now  great  number  of  selected  seed  lots  for  the  purpose  of 
determining,  under  field  conditions,  what  had  really  been  gained  by 
the  original  hill  selection  and  the  great  amount  of  painstaking  work 
of  the  succeeding  three  years.  The  first  move  in  the  enlargement 
of  the  scope  of  the  work  was  to  take  from  the  hundreds  of  separately 
preserved  hill-lots  of  seed: 

(1)  Seventy  representative  hills  of  the  hTgh  yielding  strains  of 
Carman  No.  3,  which  weighed  in  total,  94  pounds. 
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(2)  Seventy  representative  hills  of  the  lower  yielding: or  commoo 
strains  of  Carman  No.  3,  which  weighed,  in  total,  36  pounds. 

Composite  seed  lots  were  made  by  mixing*  together  the  70  hills 
of  high-yielding  strains;  also  by  mixing  together  the  70  hills 
of  low  yielding  strains  or  common  stock.  Sufficient  seed  was  taken 
from  these  two  separate  lots  to  plant  four  rows  of  the  high-yielding 
strains  and  two  rows  of  the  common  strains  for  comparison.  Care 
was  exercised  to  have  the  tubers  of  the  respective  lots  as  uniform  in 
size,  form  and  appearance  as  could  be  selected.  This  accounts  for 
the  unequal  number  of  rows  planted,  as  from  the  70  hills  of  the 
common  strains  there  could  not  be  found  a  sufficient  number  of 
tubers  that  would  grade  up  to  the  required  standard  of  size  to  plant 
four  rows,  or  the  number  planted  from  the  high-yielding  strains. 
This  fact  in  itself  is  a  significant  one  and  quite  suggestive  of  the 
trend  of  results  of  the  years  1904-5-6. 

The  following  table  exhibits  the  results  of  the  field  test  of  the 
selected  and  unselected  Carman  No.  3  for  the  year  1907.  The  rate 
of  yield  in  bushels  per  acre  was  calculated  upon  a  corrected  or  uni- 
form stand  of  plants  (or  hills)  per  row: 


Selected  strains j 

Common 

Selected  strains -, 

Common 


Row 


Hills 


154 
171 

156 

181 
168 

172 


Marketable 
Lbs. 


136 
151 

105H 

182H 
162H 

76H 


Unmarket- 
able 
Lbs. 


13 
10 

IIH 

8 
13H 

14J6 


Total 
Lbs. 


149 
161 

116 

190H 

lien 

91 


Rate  of 
yield  per 
acre-Bi». 


175.5 
170.5 

136.3 

190.9 
190.5 

96.0 


Averag-e  p)er  acre  in  total  yield,  selected  strains,  181.9  bushels. 
Average  per  acre  in  total  yield,  unselected  strains,  116.15  bushels. 

A  similar  thoug^h  still  more  extensive  field  test  was  conducted  in 
1907,  comparing:  the  blight  resistant  strains  of  Whiton's  White 
Mammoth  with  the  non-resistant  strains  of  the  same  variety.  Com- 
parisons of  these  resistant  and  non-resistant  strains  had  been  care- 
fully carried  on  during*  the  seasons  of  1904-5-6.,  by  Mr.  Waid,  just 
as  had  been  done  with  the  high  yielding  and  common  stock  of  Car- 
man No.  3,  all  individual  hill  products  being  kept  separate  daring 
this  period.  In  1907  composite  seed  lots  were  made  up  by  throwing 
together  and  mixing  the  hill-product  of  the  resistant  strains;  likewise 
the  non-resistant  strains.  A  plot  of  12  rows  was  planted,  embracing 
8  rows  of  the  resistant  and  4  rows  of  the  non-resistant  stock.  The 
following  table  shows  the  result  of  the  field  test,  The  rate  of  yield 
per  acre  is  based  on  a  corrected  stand  of  plants  or  hills  per  row: 
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Resistant j 

Non-resistant 

Resistant •! 

Non-resistant 

Resistant ■} 

Non-resistant 

Resistant ] 

Non-resistant 


Row 


10 
11 


12 


Hills 


Marketable 
Lbs. 


168 
175 


170 


lf?7 
162 


188 


174 
168 


171 


176 
168 


176 


183 

my* 

99H 

m% 

178 
154 

1H8 

162^ 

140 

207 

182h 


Unmarket- 
able 
Lbs. 


15 
12 


15'/4 


14 
15 


20 


14 
17 


15H 


V2H 
10 


16K 


Total 
Lbs. 


198 
191 » 

114K 

182W 

174 

202 
179H 

155H 

21914 
192 '4 

154K 


Yield  per 
acre 
Bus. 


213.8 

m.i 

122.5 

198.0 
200.6 

167.8 

210.5 
192.0 

164.9 

226.3 
207.6 

156.9 


Average  yield  p>er  acre,  disease  resistant  strain,  206.9  bushels. 
Average  yield  per  acre,  disease  non-resistant  strain,  153.5  bushels. 

The  foreg-oing-  tables  are  sufficient  to  prove,  quite  within  them- 
selves, the  value  of  potato  seed  selection.  However,  in  addition,  the 
writer  is  constrained  to  add  that  the  1907  field  test  plots  of  both 
Carman  No.  3  and  Whiton's  White  Mammoth  were  object  lessons  in 
demonstration  of  the  effects  of  seed  selection  the  whole  season 
throug'h.  The  high  yielding*  Carmans,  because  of  their  superior 
vigor,  could  be  disting^uished  from  the  common  strains,  even  by  a 
disinterested  visitor,  as  far  away  as  the  plot  could  be  seen.  Like- 
wise there  was  a  remarkable  difference  between  the  rows  of  resist- 
ant and  non-resistant  W.  W.  Mammoth.  This  difference  was  more 
and  more  marked  as  the  close  of  the  growing  season  approached. 
The  non-resistant  rows  of  plants  were  quite  dead  in  early  Septem- 
ber, while  the  resistant  rows  continued  g^reen,  vigorous  and  growing* 
until  cut  down  by  the  frost  some  three  weeks  later.  No  spraying 
for  blig-ht  was  done  on  this  plot  as  it  wras  strictly  a  test  of  disease 
resistant  versus  non-resistant  plants. 

It  may  well  be  stated,  furthermore,  that  experiments  coupled 
with  many  observations  sug^gest  that  little  is  to  be  gained  by  selec- 
tion of  parent  hills  of  potatoes  on  the  basis  of  disease  resistance  of 
the  plants,  over  selection  of  parent  hills  because  of  the  superior, 
individual  yields.  It  is  the  actual  work  done  within  the  hill  that 
should  most  interest  the  potato  breeder;  the  more  promptly  these 
desired  results  are  accomplished  by  the  plant  the  more  desirable  that 
strain.  While,  as  the  latter  table  shows,  good  results  are  obtained  by 
selection  of  hills  because  of  disease  resistance — because  of  long  stand- 
ing and  late  g'rowing^  in  the  field — it  has  not  been  apparent  that  this 
cause  for  selection  is  to  be  commended  above  the  plan  of  selecting  for 
prolificacy  in  the  hill  reg^ardless  of  the  character  of  the  plants  of 
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such  hills.  Indeed  selection  of  long:  standing,  late  growini:  hills  or 
plants  should  not  be  done  unless  blight  or  other  disease  is  surely 
known  to  be  present  in  the  field  and  responsible  for  the  prematore 
breaking  down  of  the  majority  of  the  plants;  for,  through  natural 
variation  of  plants  in  which  season  of  maturity  as  well  as  other  char- 
acteristics are  afFected,  there  is  grave  danger  of  so  lengthening  the 
season  of  growth  and  development  of  that  variety  by  choosing  these 
late  growing  strains,  that  danger  of  non-maturity  of  crops  may  be 
thus  invited  for  future  years. 

Many  isolated,  late  growing  hills  of  Carman  No.  3  were  dog 
from  a  3-acre  field  on  the  Station  grounds  in  the  autumn  of  1907  and 
compared  with  adjacent  hills  which  ripened  many  days  previously. 
In  not  a  single  case  was  the  product  of  a  late  growing  individual  hill 
found  to  be  greater  or  better  in  any  way  than  equally  vigorous  bills 
which  ^ad  more  promptly  closed  their  season  of  growth.  Blight 
was  not  present  in  the  field,  however,  and  the  later  growing  bills 
simply  demonstrated  that  there  develop,  through  natural  plant  var- 
iation, these  tardy,  deliberate,  slow-maturing  strains  which  we 
should  not  mistake  for  strains  of  special  disease  resistance. 

SHALL  WE  USE  THE  SMALL  POTATOES  FOR  SEED  PURPOSES? 

The  question  is  often  asked  by  potato  growers,  "What  about 
using  the  small  potatoes  for  seed?"  This  subject  has  already  been 
touched  upon  in  a  preceding  chapter.  It  is  one  of  importance  not 
only  to  the  individual  potato  grower,  but  to  the  potato  growing 
industry  of  our  state  and  country  at  large. 

As  a  regular  practice  there  is  no  hesitation  on  the  part  of  the 
writer  in  declaring  that  the  use  of  the  small  or  cull  stock  for  seed  is 
not  to  be  seriously  considered  for  a  moment  by  the  grower  who 
would  improve  or  maintain  the  quality  of  his  stock.  In  a  word,  while 
the  small  tubers  of  a  crop  may  include  a, small percenlage oiiht 
standard  strains  composing  a  variety,  it  also  includes  all  the  worth- 
less trash,  all  the  ''chaff"  of  an  unselected  variety,  developed  through 
years,  perhaps  decades  of  plant  variation.  Let  us  consider  the 
matter  from  a  simple  illustration: 

From  a  block  of  1000  hills  of  common,  unselected  stock  including 
high,  moderate  and  low  yielding  strains  of  a  given  variety,  seed  for 
the  succeeding  year's  planting  is  to  be  taken.  Let  us  estimate  that 
800of  these  hills  fairly  represent 4he  average  or  moderate  yielding 
strains  of  the  variety;  that  150  hills  are  below  the  average  type— arc 
low  yielding  strains;  that  50  hills  are  above  the  average  type— are 
superior  high-yielding  strains.  It  is  reasonable  to  figure  on  this 
basis,  for  experiments  have  repeatedly  shown  that  there  is  a  greater 
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tendency,  throogh  natural  plant  variation,  toward  a  falling  below 
the  averag^e  type  of  a  variety  than  of  rising:  above  the  same.  Now, 
what  would  be  the  character  of  the  seed  stock  chosen  from  the  1000 
hills  by  the  grower  who  insists  upon  careful  selection  of  his  seed  and 
would  accept  only  good  sized  uniform,  representative,  marketable 
tubers  from  the  bin  or  bulk?    His  choice  would  include: 

(a)  K  very  heavy ^  perhaps  almost  total  percentage  oi  the  high 
yielding  strains, 

(b)  A  heavy  -percentage  of  the  average  or  moderate  yielding 
strains,. 

(c)  A  very  small  percentage  of  the  inferior  or  low  yielding 
strains  limited  to  the  occasional  tuber  that  would  grade  up  to  the 
required  size  and  form. 

Upon  the  other  hand  what  would  be  the  character  of  the  seed 
stock  used  by  the  grower  who  insists  upon  selling  the  marketable 
tubers  and  retaining  the  small  ones  for  planting?  His  choice  would 
include: 

(a)  A  very  insignificant  percentage  of  the  superior  or  high  yield- 
ing strains. 

(b)  A  small  percentage  of  the  moderate  yielding  strains, 

{c)  K  very  heavy  ^almost  total  percentage  of  the  low  yielding  or 
inferior  strains. 

The  persistent  use  of  small  seed  year  after  year  can  have  but 
one  result,  the  rapid  deterioration  of  the  variety  thus  perpetuated 
by  the  steady,  certain  process  of  elimination  of  all  the  good  and 
superior  strains  of  that  variety.  Growers  who  practice  this  plan  of 
"seed  saving"  and  dollar  saving(?)  are  persistent  in  their  theory 
that  varieties  of  potatoes  *'run  out;"  and  they  offer  their  personal 
experience  and  their  crops  in  support  of  their  theory  and  as  evidence 
that  they  are  right  in  their  conclusions. 

There  are,  however,  certain  conditions  under  which,  for  a  time 
at  least,  the  smaller  tubers  (not  culls)  may  be  used  with  good  re- 
sults. It  is  subsequent  to  a  thorough  course  of  selection  in  which 
there  has  been  a  "weeding  out"  of  the  inferior  strains.  A  tuber  may 
be  small  because  of  crowding  in  the  hill  with  larger  tubers;  or  it 
may  be  small  because  of  some  unfavorable  condition  under  which  it 
was  forced  to  exist;  these,  if  they  be  of  selected  strains,  ought  to 
give  satisfactory  results  when  used  for  seed.  It  is  the  small  tuber 
that  is  small  because  of  inherent  inferiority  to  which  objection  may  be 
justly  urged.  However,  at  the  same  time  of  using  these  smaller 
tubers  for  seed  there  should  be  in  progress  a  continuity  of  seed 
selection  with  the  purpose  in  view  of  gradual,  constant  improvement 
of  the  variety  or  varieties  which  have  been  accepted  as  the  most 
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profitable  for  local  or  special  requirements.  The  land  owner  who 
insists  upon  placing^  the  cream  of  his  farm  crops  upon  the  market 
and  using  the  "skim-milk"  product  for  the  basis  of  succeeding- crops 
is  progressing  only  toward  well  merited  defeat  which  will  be  met 
sooner  or  later.  The  choicest  of  the  crop  is  none  too  good  for  seed 
purposes. 

PLANTING  AND  CULTURE 

In  a  preceding  chapter  have  been  discussed  approved  methods 
of  preparation  and  fertilization  of  the  soil  for  potatoes.  Thorough 
preparation  renders  planting  a  comparatively  easy  and  agreeable 
task — especially  where  the  land  is  level,  or  nearly  so,  and  a  modern 
horse-power  planter  is  used.  For  the  general  crop  the  rows  should 
be  spaced  three  feet  apart  and  the  seed  pieces  dropped  from  14  to 
16  inches  in  the  rows.  The  more  dwarf  growing  plants  of  some  of 
the  first  early  sorts  may  allow  of  spacing  the  rows  at  30  inches  and 
dropping  the  seed  pieces  12  inches  apart,  though  this  close  planting 
is  not  recommended  for  the  stronger  growing  varieties.  The  machine 
should  be  adjusted  to  deposit  the  seed  pieces  at  least  four  inches 
below  the  level  of  the  surface  of  the  ground.  Most  planters  cover 
the  seed  in  such  a  way  as  to  leave  a  little  ridge  over  the  rows,  be- 
neath which  the  seed  pieces  are  probably  covered  something  near 
six  inches  in  depth.  After  the  seed  has  sprouted  well  and  the  young 
shoots  are  approaching  the  surface  of  the  ground,  the  field  may  be 
gone  over  with  a  weeder  or  a  fine  smoothing  harrow  in  which  the 
teeth  slant  backward,  levelling  the  ridges  and  leaving  the  surface 
smooth,  even  and  mellow,  A  second  and  even  third  cultivation  may 
be  given  with  weeder  or  harrow  by  the  time  the  little  plants  are 
beginning  to  show  well  in  the  rows.  These  early  cultivations  save 
much  work  later  on,  as  millions  of  weed  seeds  are  germinated  and 
the  tiny  plants  are  killed  before  they  have  become  established. 

On  rough,  steep  ground  or  on  small  areas  where  a  horse  planter 
is  not  practicable,  the  ground  may  be  furrowed  with  a  large-bladed, 
single-shovel  plow,  as  described  in  a  foregoing  chapter.  The  fur- 
rows should  be  deep  and  broad  even  if  it  should  require  two  or 
three  passages  with  the  shovel  plow  to  complete  them.  The  rows 
should  always  be  across  the  slope  of  the  hill — never  up  and  down 
the  slopes  where  it  is  possible  to  avoid  it.  By  holding  the  plow 
firmly  the  loose  soil  will  be  thrown  out  on  either  side — a  part  of  it 
rolling  back  into  the  forrow  as  the  shovel  of  the  plow  passes,  leaving 
three  or  four  inches  of  loose  soil  in  the  bottom  of  the  furrow  upon 
which  to  drop  the  seed  pieces.  The  fertilizer,  as  before  stated, 
should  be  applied  over  the  bottom  and  sides  of  the  broad  furrow 
before  dropping  the  seed,  where  hand  work  is  done.  The  rows  are 
spaced  and  the  seed  pieces  dropped  the  same  distances  apart  as 
when  planting  with  a  machine. 
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The  seed  may  be  covered  either  with  a  hand  hoe  or  shovel  plow. 
If  the  ground  be  not  too  full  of  stones  or  sods  or  roots,  the  plow  will 
do  very  g^ood  work  when  run  on  either  side  of  the  open  furrow  at 
the  proper  distance  to  fill  it  with  mellow  soil.  The  plot  should  be 
run  over  with  a  weeder  or  fine  tooth  harrow  when  weed  seeds  begin 
to  germinate,  as  described  for  a  machine  planted  field. 

The  after  cultivation  is  done  with  a  narrow-hoed  or  "spike- 
toothed"  cultivator,  keeping  the  surface  of  the  ground  as  level  as 
possible,  mellow  and  free  from  weeds  throughout  the  growing  sea- 
son. The  crust  of  the  soil,  after  rains,  should  be  broken  upas  soon 
as  the  ground  is  dry  enough  to  work,  and  a  fine  "soil-mulch"  main" 
tained  on  the  surface  as  long  as  it  is  possible  to  drive  between  the 
rows  with  the  cultivator  without  pulling  out  or  breaking  the  tops  of 
the  plants.  The  maintenance  of  the  "dust  mulch"  is  a  sort  of  insur- 
ance against  the  effects  of  dry  weather;  and  fine  crops  of  potatoes 
have  been  grown  by  this  careful,  persistent  cultural  work  even  in 
seasons  Qf  serious  drought. 

The  old  plan  of  "hilling  up"  the  rows  of  potatoes,  leaving  a 
high,  sharp  ridge,  is  quite  unnecessary,  and,  in  fact,  is  detrimental 
to  the  success  of  the  crop  should  the  latter  part  of  the  season  be 
deficient  in  rainfall.  Sufficient  soil  should  be  worked  toward  the 
rows  with  the  cultivator,  to  insure  that  the  new  tubers  may  not  be 
exposed  to  the  sun;  but  the  surface  of  the  soil  should  be  kept  prac- 
tically level  the  season  through  so  that  the  entire  area  may  uniformly 
receive,  absorb  and  retain  the  rainfall. 

SPRAYING  FOR  INSECTS  AND  FUNGOUS  DISEASES 
The  spraying  outfit  is  coming  to  be  regarded  as  an  important 
factor  in  the  equipment  of  the  potato  grower.  There  are  many  ex- 
cellent sprayers  made;  in  fact  so  many  firms  are  engaged  in  making 
spraying  machines — there  is  so  much  competition — that  a  sprayer 
necessarily  must  come  up  to  a  reasonable  standard  of  efficiency  in 
order  to  be  recognized  on  the  market.  For  small  plots  of  potatoes 
for  family  use,  as  well  for  general  use  about  small  grounds  and  the 
kitchen  garden,  there  is  no  form  of  sprayer  more  convenient,  effective 
and  satisfactory  than  the  small,  compressed-air  outfit.  This  con- 
sists of  a  strong,  air-tight  tank,  preferably  constructed  of  heavy, 
sheet  brass,  fitted  with  an  air-pump  for  compressing  the  air.  These 
tanks  are  about  four  gallons  in  capacity.  In  use  three  gallons  of 
spray  mixture  are  filled  in  the  tank  and  the  remaining  space  of  one 
grallon  pumped  full  of  air  to  a  high  pressure.  The  compressed  air 
forces  the  liquid  out  through  the  nozzle  in  a  fine  mist.  As  the  pres- 
sure becomes  too  low  for  effective  work  through  continued  spraying, 
a  few  strokes  of  the  air-pump  again  fills  the  vacant  space  in  the  tank 
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with  compressed  air.  Two  or  three  short  pumpingfs  will  suffice  to 
force  out  the  contents  of  the  tank.  Such  outfits  are  easily  carried 
about  with  a  strap  over  the  shoulder,  while  the  addition  of  a  few 
feet  of  light,  brass  extension  pipe,  connected  to  the  hose,  enables  the 
operator  to  spray  a  limited  number  of  youngs  fruit  or  ornamental 
trees  of  considerable  height. 

For  field  use  in  potato  spraying,  a  horse  power  outfit  will  be 
necessary.  These,  of  various  styles,  are  constructed  to  spray  from 
four  to  six  rows  at  a  single  passage,  making  rapid  work  in  combat- 
ing the  insect  and  fungus  enemies  of  the  potato  plant.  The  traction 
geared  potato  sprayers  are  preferable  to  those  fitted  merely  with 
hand  pumps,  as  one  man  to  drive  the  team  is  all  that  is  required  in 
the  field.  However,  excellent  four-row  sprayers  can  be  made  by 
any  one  who  has  a  good,  barrel  spray  pump  and  is  handy  with 
plumbers'  tools.  Such  a  barrel  outfit  may  be  placed  in  a  wagon  or 
cart  and  carried  through  the  field,  employing  one  man  to  drive  and 
another  to  pump. 

The  nozzles  on  potato  sprayers  should  be  adjustable  to  diflferent 
widths  of  rows,  and  only  such  nozzles  should  be  used  as  will  apply 
the  liquid  with  considerable  force  directly  downward  upon  the  plant 
and  in  a  fine  mist  or  fog-like  spray.  Mere  sprinkling  will  not  suffice 
where  fungus  disease  is  to  be  effectually  combated. 

Spraying  should  begin  on  the  early  varieties  as  soon  as  the 
plants  are  from  6  to  8  inches  ill  height,  using  a  combined  mixture 
that  is  both  a  fungicide  and  an  insecticide.  Early  blight  and  Colo- 
rado beetles  are  thereby  combated  at  the  same  time.  Spraying 
should  be  repeated  every  ten  days  or  two  weeks. 

The  later  varieties  or  '^general  crop"  may  likewise  be  protected, 
special  care  being  given  to  spraying  with  Bordeaux  mixture  for  the 
late  blight  during  the  month  of  July.  The  insecticides  may  readily 
be  combined  with  the  Bordeaux  mixture  (fungicide)  wnen  the  pres- 
ence of  the  larvae  of  the  Colorado  beetles  render  an  insecticide  neces- 
sary. The  black  or  "blister  beetles,"  so  destructive  in  certain 
sections  and  so  difficult  to  effectually  combat  with  poisons,  become 
sadly  discouraged  where  Bordeaux  mixture  is  freely  used  and  leave 
the  potato  field  if  there  be  other  vegetation  in  the  vicinity  upon 
which  they  may  subsist.  The  formula  for  making  Bordeaux  mixture 
is  given  below: 

BORDBAUX  MIXTURE 

Copper  sulfate  (blue  vitriol)        4  pounds 
Fresh  lime  5  pounds 

Water  SO  g^lons 
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Where  Bordeaux  mixture  is  needed  for  diflFerent  sprayings 
during-  the  season  much  time  and  inconvenience  may  be  saved  by 
making  up  a  *'stock  solution"  of  copper  sulphate;  this  stock  solution 
will  keep  indefinitely  without  deterioration.  To  make  the  stock 
solution  use  a  good  barrel  Ca  kerosene,  vinegar  or  whiskey  barrel 
serves  well).  After  removing  one  of  the  heads  fill  the  barrel  to  within 
6  or  8  inches  of  the  top  with  water,  measuring  the  water  by  gallons. 
Weigh  out  in  a  burlap  bag,  as  many  pounds  of  copper  sulphate  as  the 
number  of  gallons  of  water  contained  in  the  barrel.  Tie  the  bag 
with  a  strong  twine  close  down  to  the  contents,  leaving  a  loop  through 
which  a  stick  may  be  thrust.  Suspend  the  bag  of  copper  sulphate  in 
the  water  by  resting  the  stick  across  the  top  of  the  barrel,  in  such  a 
way  that  the  bag  will  be  but  partially  submerged  in  the  water.  The 
material  vdll  dissolve  much  more  quickly  when  held  near  the  sur- 
face of  the  water  than  when  poured  loosely  into  the  barrel  or 
suspended  near  its  bottom,  as  the  copper  charged  water  is  heavier 
than  the  clear  water  and  sinks  to  the  bottom  in  the  form  of  a  satur- 
ated solution  which  no  longer  has  the  power  to  dissolve  the  substance 
with  which  it  is  laden.  When  the  content  of  the  bag  is  dissolved 
each  gallon  of  the  water  in  the  barrel  will  contain  one  pound  of 
copper  sulphate.  It  is  well  to  slightly  stir  or  agitate  the  solution 
previous  to  measuring  out  a  portion  for  use. 

Bordeaux  mixture:  Pour  four  gallons  of  the  stock  solution  (4 
pounds  copper  sulphate)  into  the  spray  barrel  and  add  water  to  this 
until  the  barrel  is  half  filled.  The  copper  solution  must  be  weak- 
ened thus  before  adding  the  lime  or  a  curdled  mixture  will  result. 
Weight  out,  in  a  bucket,  5  pounds  of  fresh  hydrated  lime  (known 
also  as  **builders'  lime,"  "flour  lime,"  "sack  lime,"  etc.).  Add  water 
to  the  lime,  stirring  vigorously  and  pouring  off  the  "milk  of  lime"  or 
thin  white-wash  into  a  second  vessel  until  all  the  lime  is  dissolved. 
Strain  the  milk  of  lime,  diluted  still  further  vdth  water,  through  a 
fine  meshed  brass  wire  strainer  into  the  dilute  copper  solution  in  the 
spray  barrel,  churning  vigorously  as  the  lime  is  being  added.  A  clear 
bright  blue  mixture  should  result.  Add  to  this  mixture  whatever 
poison  it  be  desired  to  use  for  the  destruction  of  insects  and  finish 
by  filling  the  barrel  with  water. 

INSECTICIDES 

Arsenate  of  lead:  This  is  a  commercial  preparation,  as  gener- 
ally used,  and  one  of  the  most  lasting  and  effective  known  at  the 
present  time,  as  it  is  very  adhesive.  It  comes  to  the  buyer  in  paste 
form  in  different  sized  cans,  buckets,  kegs  or  barrels.  For  one  barrel 
or  50  gallons  of  spray  mixture  weigh  out,  in  a  bucket,  3  pounds  of 
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arsenate  of  lead.  Add  a  little  water  and  stir  and  beat  vigorously 
until  a  quantity  of  **milk  of  lead"  is  formed.  Pour  this  off  into  a 
second  vessel  or  throug^h  the  strainer  into  the  spray  barrel  as  the 
paste  is  dissolved.  The  lead  is  slow  to  dissolve,  but  by  repeatedly 
adding^  water,  stirring  and  pouring  off  it  will  soon  be  reduced  to  milk 
of  lead.  Arsenate  of  lead  will  not  injure  foliage,  even  if  used  without 
lime. 

AR8BNITB  OP  SODA 
Commercial  white  arsenic  2  pounds 

Carbonate  of  soda  4  pounds 

Boil  the  arsenic  and  carbonate  of  soda  together  in  one  gallon  of 
water  until  a  clear  liquid  is  formed  (15  minutes  of  brisk  boiling  will 
usually  suffice).  Dilute  this  solution  to  2  gallons  by  adding  water. 
Pour  into  a  two  gallon  jug  or  other  vessel  that  may  be  securely  cov- 
ered and  label  **Poison."  Use  one  quart  of  this  stock  solution  to  SO 
gallons  of  spray  mixture.  If  not  used  in  Bordeaux  mixture  add  5 
pounds  of  lime  to  insure  against  burning  of  foliage. 

PARIS  ORBBN 
Paris  green  8  ounces 

Water  50  g-allons 

Paris  green  may  be  used  in  the  Bordeaux  mixture  without 
danger  of  injury  to  foliage.  If  used  without  combining  ',\!th  Bor- 
deaux add  5  pounds  of  lime  to  the  barrel  of  solution. 

Lime  for  spraying  purposes:  A  word  should  be  added  resfsrd- 
ing  the  kinds  of  lime  recommended  for  spray  mixtures,  as  much 
confusion  and  misunderstanding  exist  among  beginners  in  spraying^. 
Fresh  burned,  lump  lime  or  *'stone  lime"  cannot  be  excelled  for 
spraying  purposes,  but  many  times  and  in  many  places  cannot  be 
obtained  in  the  desired  state  of  freshness;  hence  the  hydrated  or 
sack  lime  has  come  into  quite  general  use.  Stone  lime,  too,  requires 
slaking,  and  unless  a  considerable  quantity  be  slaked  at  a  time  and 
this  held  in  reserve  as  a  "stock  supply,"  several  purchases  as  well 
as  several  slakings  will  need  to  be  made  during  the  spraying  season. 
It  is  always  best  to  buy  a  quantity  at  the  first  of  the  season,  slake  it 
all  at  once  and  preserve  it  in  paste  form  for  use.  In  order  to  prepare 
for  spraying  in  this  way,  weigh  out  say  50  pounds  of  good,  sound 
lumps.  Slake  these  in  a  shallow  box  by  adding  water  and  stirring- 
well  to  prevent  burning.  Continue  to  add  water  and  stir  until  a 
smooth  paste  is  formed.  Level  this  paste  down  in  the  box  and  when 
it  is  well  settled  mark  the  surface  oflf  into  ten  squares  of  uniform 
size.  Each  square  will  contain  what  was  formerly  S  pounds  of  lump 
lime.  Cut  out  and  use  one  square  for  each  SO  gallon  barrel  of  spray 
mixture.  Keep  the  paste  at  all  times  covered  with  water  to  prevent 
drying  out. 
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Hydrated  or  builders'  lime  can  usually  be  purchased  of  most 
dealers  in  lumber  or  building*  materials.  It  is  put  up  in  air-tig^bt 
sacks  and  will  keep  in  good  condition  a  long  lime  if  kept  in  a  dry 
place.  This  is  a  very  convenient  form  of  lime  for  the  sprayer,  as  no 
slaking  is  necessary.  However,  it  is  well  to  use  a  little  excess  in 
weight  over  that  recommended  for  the  stone  lime,  therefore  6  pounds 
of  hydrated  lime  is  used  for  each  barrel  of  SO  gallons  of  Bordeaux 
mixture.  The  writer  has  used  only  the  hydrated  for  the  past  six 
years  with  quite  satisfactory  results. 

A  PRACTICAL  CLASSIFICATION  OR  GROUPING  OF 
VARIETIES  OF  POTATOES 

The  Ohio  Experiment  Station  has  tested  hundreds  of  varieties 
of  potatoes  and  is  yet  continuing  this  work.  Reports  of  these  tests 
may  be  obtained  by  application,  free  of  cost.  Many  new  varieties 
are  constantly  being  offered  by  originators,  introducers  or  dealers,  in 
different  parts  of  the  country.  A  few  of  these  prove  of  value;  an 
occasional  one  is  excellent;  many  are  quite  inferior  to  our  already 
well  known  and  standard  kinds.  It  is  not  the  purpose  of  the  writer 
to  embody  a  descriptive  list  of  varieties  in  this  cultural   treatise. 


Piff.  12.  Variety  test  of  potatoes. 

Such  a  chapter  would  need  revision  many  times  over  before  the  chap- 
ters dealing  with  cultural  methods  should  lose  their  value  through 
evolution  or  modification  of  approved  and  dependable  methods  of  the 
present  day.  The  question  of  varieties,  too,  is  one  that  cannot  be 
treated  in  a  general  way  with  equal  benefit  to  all  potato  growers. 
Each  g-rower  must  determine  for  himself  those  varieties  which  do 
best  under  his  particular  conditions  of  soil  and  climate,  and  use  his 
own  judgment  in  retaining   the  choicest  of  these  for  home  use  or 
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market,  or  both.  It  is  advisable,  however,  for  each  grower  to  test 
the  more  promising:  of  the  newer  kinds  g:rown  and  reported  upoaby 
the  experiment  station  of  his  state.  He  may  thus  find  one  or  more 
Varieties  which  would  prove  to  be  more  profitable  or  excellent  in 
quality  than  the  kinds  he  has  been  growing:  for  market  or  table  use. 
The  writer  has  visited  certain  sections  of  Ohio  in  which  the  same 
variety  has  been  g:rown  for  perhaps  ten,  fifteen  or  twenty  years,  and 
this  without  any  particular  care  in  selection  and  improvement  of 
seed  stock.  The  newer  varieties  of  superior  value  are  unknown— 
perhaps  unheard  of. 

It  has  been  remarked  by  certain  grrowers,  too,  that  it  is  well 
nigh  useless  to  buy  new  varieties;  for,  in  many  cases,  they  declare, 
the  alleg:ed  new  variety  proves  to  be  only  an  old  sort  renamed  and 
sold  at  a  fancy  price.  This  position  tends  to  confusion  and  mis- 
understanding  and  often  unjust  criticism  of  originator,  introducers 
and  dealers  in  pure  seed  stock.  True  there  are  cases  in  which  old 
varieties  may  have  been  reintroduced  under  new  names — we  are 
aware  of  a  limited  number  of  such  cases — but  such  deception  is  more 
rare  than  general.  Usually  the  confusion  of  growers  is  occasioned 
by  the  fact  that  there  are  several  distinct  types,  families  or  gnroups 
of  potatoes  and  that  the  hundreds  of  varieties  of  different  origin  may 
be  classified  in  these  several  groups.  Indeed  there  are  many  varie- 
ties of  separate  and  distinct  origin  which  follow  a  single  type  so 
closely  as  not  to  be  readily  distinguished  from  each  other  either  by 
habit  of  growth  of  plant  or  character  of  tubers,  even  by  an  expert 
potato  specialist. 

To  present  in  completeness  and  with  absolute  accuracy  the  Jists 
of  varieties  belonging  to  the  various  groups  would  tax  the  most  care- 
ful student  of  botany.  Such  exact  classification  is  neither  necessary 
nor  advisable  in  a  purely  practical  treatise  of  this  kind.  In  the  follow^ 
ing  classification  the  writer  has  not  only  reduced  the  groups  to  the 
least  possible  number,  but  mentions  only  a  few  of  the  many  varieties 
which  might  easily  be  included  in  each  one.  The  classification  is 
based  principally  upon  similarity  of  the  character  of  the  tubers  of 
the  different  varieties,  without  special  consideration  of  the  similarity 
of  the  plants  of  each.  In  many  cases,  however,  there  is  a  similarity 
of  plants  as  well  as  of  tubers. 

The  Triumph  Group:  rourfd,  white,  red  or  mottled;  first  early. 
Bliss  Red  Triumph  (known  also  as  Stray  Beauty,  Strawberry  and 

Bermuda  red. 
Bliss  White  Triumph      Noroton  Beauty      Nott's  Early  Peachblow 

Woods'  Earliest 
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The  Early  Market  Group:  Round   or  oval,  flattened;  white  or 
slig-htly   tinted;  very  early;  good    quality — much  superior  to  the 
Triumph  group. 
Early  Market       Early  Standard       Early  Petosky       Irish  Cobbler 

Early  Ohio  Group:  very  similar  to  Early  Ohio  in  various  ways. 
Early  Ohio  Early  White  Ohio  Early  Six  Weeks 

Baker's  Extra  Early  Peck's  Early  Acme  Ohio  Junior 

Early  Rose  Group:  long-  or  oblong,  cylindrical  or  flattened;  pink 
or  white  or  mottled. 
Early  Rose  Early  Roser  Mountrose     •      Northern  Star 

Early  Fortune  Early  Bovee         Early  Sensation 

Early  Norther     Algoma      Miller-Brooke      Early  Breakfast  (white) 
Early  Michigan  (white) 

Green  Mountain  Group:  oblong  to  long;  somewhat  irregular  in 
form;  usually  white  or  straw  color. 
Green  Mountain  Whiton's  White  Mammoth  Grold  Coin 

Ionia  Uncle  Sam  Washington  Happy  Medium 

American  Giant  State  of  Maine 

Seneca  Beauty  Group:  long  or  oblong,  smooth;  small,  very 
shallow  eyes;  red,  pink,  or  white  with  pink  eyes;  quality  excellent. 
Seneca  Beauty       Livingston  (White  Seneca  Beauty)       Piqua  Chief 

Pat's  Choice 

Rural  New  Yorker  Group:  round  or  oval,  much  flattened;  few 
shallow  eyes;  color  usually  white;  quality  variable. 
Rural  New  Yorker         Rural  Russet         Banner  Carman  No.  3 

President  Roosevelt  Prosperity         Sir  Walter  Raleigh 

Ohio  Wonder        Green's  No.  21        White  Giant        World  Wonder 
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SEASONAL  REPORT  ON  POTATOES,  1909 

By  JOS.  H.  OOURLBY 

An  interesting:  and  instructive  feature  of  the  season's  work  for 
1909  was  r.  further  study  of  the  results  of  sprouting*  potatoes  in  sun- 
light before  planting. 

The  results  given  iu  the  table  below  show  that  it  is  better  to 
take  extra  pains  to  drop  the  pieces  in  the  furrow  sprout  end  up. 
The  first  row  was  dropped  with  the  sprouts  up  in  each  case,  the 
second  row  with  the  sprouts  down,  and  the  third  at  random,  irre- 
spective of  the  position  of  the  sprouts.  The  second  series  is  a 
duplication  of  the  first. 

PBRCENTAOB  OP  GERMINATION 

Sprouts  Up  Sprouts  Down        At  Random 

First  series 98%  66% 

Second  series 89%  76% 

Average 93%  71% 


These  results  iadicate  that  considerable  care  is  necessary  in 
planting  sun-sprouted  potatoes,  and  that  if  dropped  by  a  planter  the 
work  is  not  likely  to  be  done  satisfactorily. 

LATE  GROWN  VS.  COMMON  SEED  POTATOES 

Stock  which  had  been  raised  from  sun-sprouted  seed,  planted  in 
July,  1908,  was  planted  in  the  fertilizer  plots  the  past  year  (1909)  by 
the  side  of  common  stock,  or  seed  which  had  been  grown  in  the 
ordinary  way.  There  are  34  tenth-acre  plots  in  each  series  of  the 
3-year  rotation,  potatoes-wheat-clover.  The  plots  are  272  feet  long" 
and  16  feet  wide,  which  permits  five  rows  of  potatoes  in  each  plot. 
The  first  three  rows  in  each  plot  were  planted  with  seed  tubers  from 
the  July  planted  stock  and  the  other  two  with  the  ordinary  seed. 
This  method  precluded  the  possibility  of  any  unequal  effect  upon 
the  various  plots  by  using  two  lots  of  seed. 
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LATB  GROWN  VS.  COMMON  POTATO  SEED 
Rows  272  feet  long,  hills  15  inches  apart,  216  hills  per  row. 


Na  ot  bills  per  row 

Average  yield  per  row— lb«. 

Plot 

No. 

Late  flrrown 

Common 

Late  flrrown 

Common 

Late  flrrown 

Common 

Rows  1.  2,  3 

Rows  4,  5 

Rows  1.  2.  3 

Rows  4.6 

Rows  1.  2,  3 

Rows  4,5 

1 

159 

148.5 

73 

68 

74.1 

49 

2 

157 

168.5 

78 

46 

47.5 

3 

178.7 

159.5 

fQ 

73 

89 

49.5 

4 

188 

163 

«7 

75 

74 

S7.5 

5 

200.3 

171.5 

92 

79 

73.1 

62.7 

6 

199.6 

169 

92 

78 

69.8 

56.6 

7 

204 

178 

94 

82 

44 

21 

8 

205 

176 

94 

81      , 

112 

80 

9 

206 

173.6 

94 

80 

119 

73.7 

10 

196 

166.5 

90 

77 

59.1 

U 

213 

178.6 

98 

82 

109.6 

82  6 

12 

204.6 

199 

94 

92 

116 

88.5 

13 

206 

171.6 

94 

79 

36.1 

31.2 

14 

199.3 

197.6 

92 

91 

136.1 

112.7 

15 

203.3 

178 

94 

82 

126.1 

97.7 

16 

196.6 

179.6 

91 

83 

31.1 

432 

17 

196.3 

173 

90 

80 

78.8 

61.5 

18 

190.6 

178 

88 

82 

76.6 

54.2 

19 

198.6 

180 

92 

83 

66 

47 

20 

205.3 

192.6 

94 

80 

115.1 

83 

21 

201.3 

170 

93 

78 

85 

70 

22 

177.3 

159.5 

82 

73 

61 

31 

23 

206.6 

170 

95 

78 

110.8 

76.7 

24 

196.6 

179 

91 

82 

101 

967 

26 

•      192 

162.5 

89 

75 

63.8 

45 

26 

189.6 

179 

87 

82 

m.i 

89.5 

27 

193.6 

175 

89 

81 

U4.1 

86.2 

28 

189 

166 

87 

76 

64 

63 

29 

200.3 

172.5 

92 

79 

126 

93.7 

30 

204 

175 

94 

81 

136.6 

96.2 

31 

196.6 

155.5 

91 

71 

43 

40.2 

32 

209 

185 

96 

85 

154.8 

96.6 

33 

1973 

165.6 

91 

76 

88.6 

85.5 

34 
Tota 
Ave 

186-3 

143.5 

86 

66 

49.1 

33.8 

195.4 

172.3 

90 

ra.3 

86.4 

64.6 

The  potatoes  were  all  the  same  variety  (Carman  No.  3)  and 
were  all  planted  the  same  day.  The  plants  grown  from  July  sun- 
sprouted  seed  appeared  nearly  two  weeks  in  advance  of  the  others 
and  maintained  quite  a  noticable  difference  until  they  were  of  largre 
size.  In  fact  so  noticeable  was  the  difference  in  the  vig^or  and  increas- 
ed size  of  the  plants  that  the  casual  observer  would  stop  and  remark 
and  the  more  interested  one  would  inquire  into  the  details  of  the 
method.  Many  thoug^ht  that  the  two  parts  of  the  plots  were 
planted  at  different  dates  or  possibly  were  of  different  varieties.  Let 
it  be  understood  that  this  particular  seed  was  not  sprouted  but  that 
it  was  the  crop  raised  from  sprouted  seed,  which  had  been  planted 
the  first  of  July  the  year  previous.  The  serious  inroads  made  by  the 
dry  rot  fung-us  or  fusarium  wilt  seriously  impaired  the  results,  but 
an  examination  of  the  figfures  g^iven  in  the  table  show  that  the 
increased  yield  and  higher  percent  of  germination  were  constant 
throughout  the  plots. 

A  half  bushel  of  potatoes  raised  from  sprouted  seed  were  placed 
in  a  closed  box  in  the  storage  room  beside  a  half  bushel  raised  by 
the  ordinary  method  placed  in  a  similar  closed  box.     A  half  bushel 
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of  the  same  were  placed  in  closed  boxes  and  set  in  the  greenhouse 
under  a  raised  bed,over  winter.  In  both  cases  the  July  planted  pota- 
toes kept  much  firmer  and  were  much  slower  to  sprout  than  the 
others. 

TREATING  POTAOTBS  FOR  SCAB 

There  are  several  methods  of  treating  potatoes  for  scab,  such  as 
with  flowers  of  sulphur,  soaking  in  formalin  solution  or  corrosive 
sublimate,  and  fumigating  with  formalin  gas.  The  later  method  is 
not  used  as  extensively  as  it  should  be,  probably  because  the  aver- 
age grower  is  not  acquainted  with  it.  A  comparative  test  was  made 
between  soaking  in  formalin  and  the  formalin  gas  treatment. 

Johnson  No.  1  was  used  in  the  test,  for  the  reason  that  it  was 
the  most  infected  variety  available.  The  tubers  were  nearly  cov- 
ered with  scab  and  as  a  consequence  the  treated  plots  showed  far 
more  scab  than  would  be  the  case  if  fairly  clean  seed  were  used. 

The  two  methods  consist  essentially  in  the  following  details: 

Soaking  in  Formalin:  One  pint  formalin  to  15  gallons  of  water, 
soak  2  hours.  The  seed  is  thrown  into  a  tub  containing  this  solu- 
tion or  placed  in  wire  baskets  and  suspended  in  barrels  containing 
the  solution.     They  are  then  dried  and  are  ready  to  plant. 

Fumigating  with  Formalin  Gas:  Three  pints  of  formalin  is 
poured  over  23  ounces  of  potassium  permanganate  (for  each  1000 
cubic  feet  of  space)  and  the  potatoes  are  exposed  to  the  fumes  for  24 
to  48  hours. 

An  air-tight  room  or  enclosure  is  necessary,  with  all  cracks 
carefully  filled  in  with  paper  or  other  material,  as  the  gas  is  quite 
penetrating.  A  large  pan  or  earthen  vessel  should  be  used  as  there 
is  large  increase  in  volume  through  the  chemical  action  when  the 
formalinr  comes  in  contact  with  the  permanganate.  The  person 
should  leave  the  room  immediately,  as  the  gas  is  very  poisonous.* 

The  following  results  were  obtained  by  the  two  methods: 

'T'^^o*^*.^*  ^4  Q-.^  Percent  Scabby  Potatoes  in  Crop 

Treatment  of  Seed  ^^^  ^  ^^^^  Average 

Untreated  50.8  66.3  58.5 

Soaked  in  formalin 10.8  22,6  16.7 

Fumigated 21.0  15.9  18.4 

When  there  is  a  quantity  of  potatoes  to  be  treated  it  would  be 
advisable  to  use  the  fumigation  method  as  the  figures  show  pract- 
ically no  difference  in  the  two  methods  and  fumigation  requires  no 

*  Formalin  can  be  purchased  for  25  cents  per  pound.  Potassium  permanganate  at  26  to  30  cents 
lier  pound. 
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time  or  labor  on  the  part  of  the  operator  aside  from  preparing  the 
room  or  cellar  for  the  work.  On  the  other  hand,  if  there  are  but  few 
potatoes  to  be  planted  the  soaking  method  will  probably  be  more 
feasible  and  satisfactory. 

EFFECT  OF  TREATMENT  ON  VITALITY  OF  THE  SEED 

Unfavorable  results  are  sometimes  reported  from  treating  seed 
potatoes  for  the  scab  fungus.  Recognizing  that  injury  may  some- 
times result  from  this  practice,  but  believing  it  to  be  the  fault  of  the 
operator  in  most  cases,  the  following  observations  were  made  during: 
the  past  sezLSon.  The  rows  were  40  rods  long  and  3  feet  apart 
Planted  April  28th.    All  treatment  refers  to  soaking  in  formalin. 

Effect  of  treatment  on  vitality  of  the  seed: 

3  rows  Early  Toledo  Market Treated 

4  rows      "  **  **      Untreated 

3  rows  Early  Bird Treated 

3  rows      **  *•    Untreated 

1  row  Miller-Brooke     Treated 

1  row       **  **       Untreated 

3  rows  W.  W.  Mammoth Treated 

3  rows       **  **        Untreated 

4  rows  Pres.  Roosevelt Treated 

3  rows      **  **         Untreated 

2  rows  Gold  Coin Treated 

3  rows      "        **     Untreated 

Careful  observations  were  made  from  the  time  of  germination 
throughout  the  season  to  maturity  and  in  no  case  was  there  any 
appreciable  difference  in  date  of  germination,  percentage  of  germin- 
ation or  vigor  of  plants,  between  the  treated  and  untreated  seed 
throughout  the  test. 

Cases  are  reported  where  germination  was  poor  or  slow  or  an 
apparent  lack  of  vigor  in  the  plants  because  of  treatment  but  in  all 
cases  which  we  have  been  able  to  trace  the  treatment  was  longer  or 
the  solution  stronger  than  recommended,  or  there  was  improper 
handling  of  the  seed  after  treatment. 

RESULTS  FROM  THE  USE  OF  FERTILIZERS  ON  POTATOES 

In  this  experiment  potatoes,  wheat  and  clover  are  grown  in  a 
3-year  rotation,  each  crop  being  grown  every  season.  The  fertilizers 
are  applied  to  both  potatoes  and  wheat.  The  table  gives  the  results 
as  computed  on  the  potato  crop  alone,  but  the  wheat  and  clover  show 
a  further  increase,  which  adds  to  the  total  and  net  profits  from  the 
treatment. 
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INCRBASS   PBR   ACRB   8BCURBD   PROM  THB  USB  OP  PBRTILIZBR8  ON  POTATOB8,  IS 

YBAR  AVBRAGBS.    YIBLD  OP  UNPBRTILIZBD  PLOTS. 

1S4  BUSHBLS  PBR  ACRB 


FertUizinff  materials  and  quantities 
used  per  acre 


160  lbs.  acid  phosphate  . . 

100  lbs.  muriate  potash . . 

80ibs.  nitrate  of  soda 

160  lbs.  acid  phosphate  i 
80  lbs.  nitrate  of  soda     ) 

160  lbs.  acid  phosphate  {. 
100 lbs.  muriate  potash  f 

100  lbs.  muriate  potash  i 
aO  lb4.  nitrate  soda         ) 

iBOlbs.  acid  phosphate  i 
100  lbs.  muriate  potash  > 
80  lbs.  nitrate  soda         ) 

160  lbs.  acid  phosphate  ) 
100  lbs.  muriatepotashV. 
160  lbs.  nitrate  sod  a       ) 

go  lbs.  acid  phosphate  ) 
200  lbs.  muriate  potash  V 
160  lbs .  nitrate  soda        ) 

480  lbs.  acid  phosphate  i 
300  lbs.  muriate  potash  > 
320  lbs.  nitrate  soda        ) 

160  lbs.  acid  phosphate  | 
100  lbs.  muriate  potash  V 
80  lbs  nitrate  soda         ) 

8  tons  yard  manure 


Increase 

per  acre 

bus. 

Cost  of 
fertilizers 
per  acre 

14.99 

$1.20 

9.92 

2.50 

9.06 

2.00 

20.79 

3.20 

30.66 

3.70 

12.36 

4.50 

24.18 

5.70 

31.71 

7.70 

36.91 

U.40 

35.63 

19.10 

42.26 

5.70 

39.31 

Value  of 
increase  per 
acre  at  40c. 
per  bushel 


$5.99 
3.80 
3.63 

8.31 
12.26 
4.94 

9.67 

12.68 

14.36 

14.25 

16.90 
15.72 


Net  profit 
per  acre 


$4.79 
1.30 
1.63 

5.11 

8.56 

.44 

3.97 
4.9B 
2.96 
8.56 
11.20 


Cost  of 

increase 

per  bushel 


$.06 
.26 
.22 

.15 
.12 
.36 

.23 
.24 
.31 
.53 
.13 


It  will  be  seen  that  the  lowest  cost  of  the  increase  has  been  in  the 
use  of  acid  phosphate  alone,  but  this  should  not  obscure  the  fact  that 
the  greatest  profit  per  acre  has  been  secured  with  a  complete  ferti- 
lizer, and  this,  notwithstanding  the  fact  that  this  land  is  of  higher 
than  average  fertility — the  unfertilized  yield  of  wheat  having 
averaged  26  bushels  per  acre  for  the  fifteen  years — and  that  clover 
has  been  grown  every  third  season. 

AN  OUTBRBAK  OF  FUSARIUM  WILT 


Early  in  the  season  a  pronounced  condition  of  tip  burn  was 
noticed  both  throughout  the  Carmans  in  the  fertilizer  work  and  in 
the  variety  test  grounds.  Soon  correspondence  began  to  show  that 
it  was  prevalent  throughout  the  state,  causing  serious  loss.  There 
was  some  early  blight  accompanying  the  tip  bum  but  no  late  blight 
developed  at  the  Station.  The  condition  grew  much  worse  as  the 
season  advanced;  the  foliage  assumed  a  pronounced  yellowing,  and 
the  disease  was  identified  by  the  Botanical  department  of  the  Station 
as  Fusarium  oxysporum  Schlecht.  or  dry  rot  fungus.  Many  varieties 
died  in  July  and  August  and   nearly  all  varieties  died  prematurely 
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The  general  manifestations  of  the  disease  are  a  check  in 
growth,  usually  a  curling  and  folding  of  the  leaves,  most  noticeable 
at  the  growing  point  of  the  haulm,  a  decided  condition  of  tipbum  on 
practically  all  the  leaves  of  the  plant,  a  premature  dying  of  the  plant 
and  finally  a  darkening  of  the  tissue  of  the  tuber  at  the  stem  end. 
It  begins  by  yellowing  the  woody  vessels  at  the  stem  of  the  tuber 
but  finally  may  work  through  the  whole  tissue. 

The  premature  dying  of  the  plant  greatly  affects  the  yield  and 
size  of  tubers.  In  some  places  where  the  disease  had  an  early 
development  the  crop  was  scarcely  worth  digging. 

There  is  some  variation  in  the  susceptibility  of  varieties  but 
nearly  all  the  standard  early  and  late  varieties  were  attacked  to  a 
greater  or  less  degree  in  the  Station  test  grounds. 

This  disease  is  very  slightly  controlled  by  spraying  except  as  it 
promotes  a  healthier  condition  of  the  plant. 

In  the  fertilizer  plots  the  one  receiving  the  largest  amount  of 
fertilizers  remained  green  the  longest,  while  the  "No  fertilizer" 
plots  were  very  noticeably  the  first  to  go  down.  They  were  all 
sprayed  and  cultivated  alike. 

The  selection  of  disease  resistant  varieties  and  the  special 
selection  of  resistant  plants,  combined  with  an  intelligent  rotation  of 
crops  and  proper  handling  of  seed  will  be  factors  largely  instru- 
mental in  fighting  the  disease.  The  Station  has  made  numerous 
tests  for  resistance  to  this  disease. 

The  comparative  effectof  the  Fusarium  trouble  on  different  vari- 
eties on  August  6th  is  shown  below.  Later  practically  all  varieties 
succumbed  to  the  disease. 

CONDITION  OF  VINES  AUGUST  6,  1909 


DEAD 


Early  Petosky* 
Early  Russet* 


Early  Standard* 
Noroton  Beauty 


Epicure 


BADLY  APFBCTBD 


Cal.  Russet* 
Clyde* 

Early  Fortune 
Early  Johnson* 
Early  Ohio* 


Early  Thoroughbred* 
Frayer  O.  K.* 
Happy  Medium* 
Knowles'  Big  Crop* 
Lily  White* 
May's  Late* 


MerrUl* 
Millerbrooke* 
White  Albion* 
Plucky  Baltimore* 
White  Rose 
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FAIRLY  QRBBN 


Bovee* 

Early  Bird* 
Early  Breakfast* 
Early  Michigan* 
Green  Mt.* 
Ionia  Seedling* 
Johnson's  No.  2* 


Late  Hebron 
Market  Prize* 
Early  Monarch 
Early  Fortune 
White  Rose* 
Washington* 
Seedling  No.  4 
Rural  New  Yorker* 


Red  Pearle* 
Noxall 
Norcross* 
Kellers  Green  Mt. 
New  Snow 
Pioneer 
Seedling  No.  4 


Carman* 
S.  Com.  Violet* 
Mortgage  Lifter* 
Green's  21* 
Harrolds'  Choice* 
Johnson's  No.  1* 
Late  Petosky* 
Lepas* 
Livingston* 
Early  Manistee* 


QRBSN 

D.  J.  Miller* 

N.  Late  Nebraska* 

New  Queen* 

Banner* 

White  Elephant* 

Snow* 

Seneca  Beauty* 

Seedling  No.  S» 

Seedling  No.  4* 

Rural  Russet* 


Prosperity* 

Pres.  Roosevelt* 

Planet* 

Pioneer 

Ohio  Wonder* 

New  Snow 

Late  Hebron 

Noxall 

Snowflake 

W.  W.  Mammoth 


*  Means  that  duplicate  row  was  the  same. 
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Sir: — I  have  the  honor  to  transmit  herewith  and  to  recommend  for  publi- 
cation as  a  bulletin  of  the  Station  the  accompanying'  manuscript  entitled  **The 
Relative  Durability  of  Post  Timbers." 

This  bulletin,  prepared  by  J.  J.  Crumley,  assistant  in  forestry,  during  the 
period  when  the  work  was  under  my  charge,  is  the  result  of  extended  investi* 
gutions  in  this  and  other  states  regarding  the  relative  durability  of  the  kinds  of 
timl>er  most  commonly  used  for  posts.  One  object  in  going  into  other  states  in 
this  work  was  to  get  data  on  some  varieties  of  timber  that  have  not  been  in  use 
long-  in  this  state  but  are  rapidly  coming  into  general  use  and  are  very 
inixx>rtant  in  this  investigation. 

So  far  as  known  no  work  of  this  kind  has  ever  been  undertaken  on  so  larg« 
a  scale.  While  this  fact  alone  is  not  urg'ed  as  a  reason  for  drawing  definite 
conclusions,  it  may  be  taken  as  evidence  to  establish  with  considerable  cer- 
tainty the  relative  durability  of  the  kinds  of  timber  named  in  the  investigations. 

The  striking  variability  of  wood  as  to  durability  under  varying  conditions 
makes  it  plain  that  the  number  of  observations  count  for  a  great  deal.  On  the 
whole,  the  results  cannot  fail  to  be  of  value,  both  as  to  the  facts  stated,  and 
sug'gestions  which  may  be  aroused  in  the  minds  of  readers. 

Respectfully, 

W.  J.  Green,  Consulting  Forester. 
Chas.  E.  Thorne,  Director. 
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BULLETIN 


OF   THE 


Ohio  Agricultural  Experiment  Station 

Number  219  June,  1910 


THE  RELATIVE  DURABILITY  OF  POST  TIMBERS 

By  J.  J.  CRUBffLBY 

The  various  state  Experiment  Stations  and  the  Forest  Service 
at  Washington  are  continually  receiving  inquiries  concerning  the 
durability  of  timbers  in  the  soil.  The  farm  journals  throughout  the 
country  are  also  frequently  called  upon  to  answer  questions  on  this 
subject. 

In  the  forestry  exhibit  at  the  Ohio  State  Fair,  in  1906,  and  also 
in  1909,  there  was  a  group  of  eight  specimens  of  wood  labeled  *'Post 
Timbers."  During  the  time  that  these  specimens  were  on  exhibition 
there  were  six  different  varieties  of  wood  pointed  out  with  the 
expression  "That  is  the  best  for  posts."  These  six  were  yellow 
locust,  red  cedar,  hardy  catalpa,  Osage  orange,  mulberry  and 
chestnut. 

While  the  data  published  herein  were  being  collected,  men  were 
found  living  on  adjacent  farms— one  believing  very  steadfastly  that 
posts  should  be  seasoned  before  they  are  put  in  the  ground,  the 
other  just  as  firm  in  his  belief  that  they  should  be  set  green;  and 
again',  one   believing  that  posts  should  be    set    with    the  top  or 
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small  end  in  the  ground,  that  is,  the  opposite  to  the  way  they  grew 
in  the  tree,  the  other  that  they  should  be  set  with  the  top  or  small 
end  up.  These  men  were  probably  speaking  from  an  experience  of 
many  years.  Such  circumstances  may  be  duplicated  over  and  over. 
The  above  and  scores  of  othe-  'observations  of  this  kind  seem  to 
indicate  that  there  is  need  of  careful  and  extended  investigation 
along  this  line. 

The  time  has  come  when  we  must  make  a  clear  distinction 
between  the  qualities  of  post  timbers.  Timber  is  getting  more  and 
more  scarce  and  prices  keep  increasing,  and  the  future  purchaser 
must  know  what  he  is  buying.  Hundreds  of  farmers  in  our  state 
are  beginning  to  set  out  trees.  More  of  them  are  planting  with  a 
view  to  growing  posts  than  for  any  other  purpose.  Surely  then  we 
should  understand  as  clearly  as  possible  which  timber  will  produce 
the  most  durable  post.  We  should  also  consider  carefully  the  rate 
of  growth,  pests,  and  adaptability  to  soil,  climate,  etc. 

The  material  published  in  this  bulletin  has  been  obtained  from 
the  examination  of  292  fences  containing  30,160  posts.  These  fences 
are  situ'i.ted  in  Ohio,  Indiana,  Illinois,  Kansas  and  Texas.  The 
counties  in  Ohio  in  which  fences  have  been  examined  are:  Warren, 
Greene,  Clark,  Guernsey,  Adams,  Ross,  Wayne,  Fulton,  Montgom- 
ery, Champaign,  Morrow,  Knox,  Van  Wert,  Preble,  Williams, 
Putnam,  Union,  Miami  and  Franklin. 

The  object  in  going  outside  of  the  state  was  to  get  data  on  two 
kinds  of  timber,  the  hardy  catalpa  and  the  Osagie  orange,  that  have 
not  been  used  very  long  in  this  state,  but  are  very  important  in  the 
consideration  of  post  timbers.  Two  summers  were  spent  in  the 
Wabash  Valley,  the  home  of  the  hardy  catalpa.  Here  posts  were 
studied  that  were  cut  from  trees  that  grew  in  the  forest.  A  portion 
of  one  summer  was  spent  in  Kansas,  examining  catalpa  posts  cut 
from  trees  that  grew  in  cultivated  groves  in  the  Farlington,  Hun- 
newell  and  Munger  plantations.  A  portion  of  one  summer  was 
spent  in  Texas,  examining  Osage  orange  posts. 

In  each  of  these  states  a  few  fences  of  oak,  locust  and  mulberry 
were  examined  for  sake  of  comparison,  to  use  as  a  kind  of  measur- 
ing stick  in  case  the  soils  or  climate  might  prove  more  or  less  severe 
on  posts  than  in  Ohio. 

The  manner  of  collecting  this  material  was  as  follows:  A  fence 
of  considerable  age  having  been  found,  usually  old  enough  to  contain 
rotten  posts,  it  was  examined  closely,  the  data  being  taken  down  on  a 
blank  form.     One  of  these  forms  is  given  below,  filled  out. 
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TABLB  I 

OHIO  AGRICULTURAL  EXPERIMENT  STATION 

DATA  CONC8RNINQ  PSNCB  POSTS 

November  25,  1906. 
Ol>nier_EdwJte  Woods P.O.    Lebanon,  Ohio  " 


County ^^.arren. Township  Union  

Location  „3Wniii«sOTtb^ 

Kind  of  Fence  ...59J?.r4.*!?5!.5.1r!'r. 

I^irection...N-S  and  E-W. 

Soil  i?H^[?>*!?.»jr*J:^.?£-l^!?.; 

I>raina^  Good. 


Kind  of  Posts  Yeltowjocusts. 

Time  of  Cutting- 

« 
Seasoning"  ...Seasoned.  _ 

Size  of  Posts  SjoaJK-^-H^^^lH?!?.*. 

Distance  Apart ...?.foet: 


Kumber  Sound    126  (81  peroent)      n  s  71  (82H  percent) ^f^^fj^J^J^f^rxxmt)  _ 

ITuxnber  Rotten     30  (19  peroent) n  r  15 dr  13 

Total  Number  .....156 86 M 

Remarks:  lH.f^.???J9l:?A.9!.?*?.P9!^.]A.?f**.?.^^  °^  ^P  down. 

.^'°5^*.?5:5.*.!?!^-5®ltHf^.\.-.?!^®r®  ™^  triangular  heart 

E!?!?^?.^/-n*9.l*?5.^:~.]^95*!LI!??^.*^  center 

ol  tn» 

Tl¥^.*?*/J!5!9?.i!*!5®  Loc.  No.  9, 

46),   ''hkh  were  «rt  OT©_y«^^  of  sound  posts.    Size  and  selection 

cauMd  ttw  dlff<»]moe. __ 

The  most  of  these  items  are  taken  from  the  fence  itself  and  its 
surroundings.  **Time  of  Cutting:"  and  "Seasoning"  can  not  always 
be  obtained.  The  "Age"  is  especially  important  and  was  in  each 
case  obtained  with  the  utmost  care. 

"When  the  above  items  were  obtained,  the  fence  was  then  exam- 
ined post  by  post  and  the  condition  of  each  was  set  down  in  order  as 
indicated  in  the  following  table. 
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TABLB  II 

OHIO  AGRICULTURAL  BXPERIMBNT  STATION 

POST  TO  POST  RECORD 

{jCt^tet  top  up,  (d)—ttilopdovm.  (*)-'SOUMd,   {/) — fa/r,  {py—poor.  (r)— rotten. 

{ky— heart  post ,  {d)^post  next  to  bark,  Im  summary^  (J")  is  classed 

wt'tA  (#)  amdip)  with  (r). 

Owner    Edwin  Wood 

Beginning  at    S.  E.  cor.  of  field,  go  north. 


1 

ds 

ds 

U  8 

U  8 

8 

8 

2 

s 

dr 

u  s 

U  8 

U  8 

d  8 

S 

s 

US 

u  s 

U  S 

8 

d.r. X.. 

4 

u  s 

u  r 

U   8 

u  r 

d  8 

U   8 

5 
6 

U  8 

8 

Uf 

_  dr 

s 
P 

u..»  ^ 

us 

d  8 

.V.P 

d  f 

d  8 

us 

us 

u  f 

dp „. 

U  8        

d  f 

8 

US 

us 

u  s 

u  f 

U  8 

Cor.  N.  W. 

0 

U  8 

s 

U  8 

d  f 

K 

10 

US 

us 

U   8 

u  r 

u  r 

11 

US 

us 

U8  + 

U  8 

d  8 

d826 

12 

U  8 

U  8 

O    8 

U  8 

d  r 

drl3 

IS 

8 

U  8 

d   8 

8 

d  f 

30 

14 

U  8 

U  8 

U  f 

U   8 

U   8 

15 

ds 

r 

8 

u  r 

U  S 

usTl 

16 

U8 

dr 

d  8 

u  r 

U  8 

urlS 

17 

ds 

U  8 

u  r 

u  p 

d  8 

86 

18 

U  8 

ds 

U   8 

d  r 

d  r 

10 

u  r 

U  8 

8 

d  8 

U  8 
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E.  Cor. 

In  this  table,  each  column  contains  the  record  of  30  posts.  That 
is,  the  one  at  the  head  of  the  second  column  is  the  thirty-first  post 
in  the  fence,  the  one  at  the  head  of  the  third  column  is  the  sixty* 
first,  etc.  The  whole  fence  contains  157  posts,  one  of  which.  No.  72, 
is  oak,  leaving  156  locusts  to  be  counted  in  the  summary. 

One  interesting  item  that  this  fence  furnishes  is  the  relative 
condition  of  posts  set  with  the  top  down  and  those  set  with  tbe  top 
up.     Of   those  set  top  down,  there  are  just  half  as  many  rotten  as 
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there  are  sound;  of  those  set  top  up^  there  are  only  about  one-fifth 
as  many  rotten  as  there  are  sound.  Sometimes  a  post  does  not 
show  in  which  position  it  has  been  set.  There  are  31  of  such  in  this 
fence. 

It  will  be  noticed  under  "Remarks,"  Table  I,  that  this  fence  has 
a  number  of  triang^ular  heart  posts  and  a  similar  number  of  thin, 
flat  posts  that  have  the  heart  split  off.  The  most  of  the  rotten  posts 
in  the  fence  are  found  amon^  the  heart  posts  and  nearly  all  of  the 
thin,  flat  ones  are  sound.  The  same  feature  was  found  in  many 
other  fences,  and  is  true  of  several  kinds  of  timber. 


Piff.l 


Piff.2 

Plate  I.    Cro88-8ection8  of  posts  showing  the  tendency  to  rot  at 
the  heart  first.    Fig.  1  is  catalpa.    Fig.  2  is  white  cedar. 
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Plate  II.  Longitudinal  section  of  a 
locuat  post  showing  tendency  to  rot  at  heart 
first.    See  pages  613,  614,  622,  625. 
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The  data  in  detail  of  one  more  fence  are  ^iven  below  on  account 
of  some  individual  items  and  for  reference  later. 


TABLB  UI 
OHIO  AGRICULTURAL  EXPERIMENT  STATION 

DATA  CONCERNINQ  PENCE  POSTS 

November,  1907. 

Owner... John  Hyde P.  O.    Yellow  Springa.  Ohio. 

County  ^Greene __^Township  ..Miami 

LocaUon..  Onc^ite  S.  (rf  to^^ 

Kind  of  Fence    ?}ckf^ 


Direction  N.:?. 

Soil  .,S^}^y:}R?^J!!i:J}T^SS'^i?P!r:.. 
Drainage  ..9^:. 


Kind  of  Posts... "5^.*!?.??.??: 

Dime  of  Cutting  .ytoter. 

Reasoning' ..G"??!?: 


iize  of  Posts  .?..t9..1^^Jj^f??:: 

distance  Apart„..l?..(«t. 

Tuml)er  Sound M ?.?..?L..-..f  «!.??.. 

lumber  Rotten       100      3r52       4r33 

:*otal  Number  .....J?? .1??. .«?.. 

Remarks:  OH* 83f  •  _, J7^  s 
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TABLB  IV 

OHIO  AGRICULTURAL  EXPERIMSNT  STATION 

POST  TO  POST  RECORD 

{fi)r-Mtt  top  up .  (dy-stt  iop  down,  (sy—sommd,    {/)—/air,    Kp)—poor,   (r) — rotten. 

{h)— heart  post,  (b)  —post  next  to  bark*  In  summary,  if)  is  classed 

with  (s)  and  (/)  with  {r\ 

Owner    John  Hyde 

Beginning  at    N.  W.  cor.  of  woods,  go  south. 
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>  —a  arate.    <  —a  cuWert. 

Tables  HI  and  IV  are  the  opposite  sides  of  the  same  leaf  off 
blank  book  in  which  these  data  are  taken.     There  are   two  pages< 
this  kind  for  every  fence  that  has  been  examined. 

In  Table  IV,  the  shape  of  each  post  is  described  in  order  by  t 
figure  standing:  before  each  set  of  letters.  The  figrure  1  stands  fd 
round  post,  see  Fig.  1  in  accompanying  cut;  2  for  a  wedge  sbapl 
post  extending  from  the  bark  to  the  center  of  the  tree,  see  Fig 
3  for  one  that  has  had  the  heart  split  off,  see  Fig.  3;  4  a  heart  pd 
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with  three  comers,  see  Fig-.  4.  For  example,  post  number  IS  is  a 
wedge  shaped  post  that  extended  from  the  bark  to  the  center  of  the 
tree,  it  was  set  "top  up"  and  is  sound.  Number  61  is  a  three- 
cornered  heart  post,  set  "top  down"  and  is  rotten.  Number  62  is  a 
post  next  to  the  bark  but  with  the  heart  split  off,  is  set  "top  up"  and 
is  sound. 


Piff.  1  Piff.  1  Fiff.  8  Piff.4 

It  will  be  noticed  here  that  63  percent  of  the  posts  next  to  the 
bark  are  sound,  while  only  47  percent  of  the  three-cornered,  heart 
posts  are  sound. 

This  characteristic  of  rotting:  at  the  heart  first  has  been 
observed  to  a  marked  extent  in  the  locust,  the  oak,  the  hardy  catalpa, 
the  white  cedar,  and  to  some  extent  in  the  red  cedar. 

In  the  Wabash  Valley,  two  of  the  most  common  shapes  of  catalpa 
posts  are  quarters  and  halves  split  from  small  trees;  and  those  where 
decay  has  set  in  are  very  frequently  found  in  the  shape  of  a  quarter- 
circle  or  a  half-circle  next  to  the  sap  wood  or  bark.  The  white 
cedar  post,  so  common  along:  the  railroads,  is  frequently  found  in  the 
shape  of  a  half-circle  a  few  inches  below  the  top  of  the  g:round. 
See  Plates  I  and  II. 

This  fact  may  come  as  a  surprise  to  many;  indeed,  some  have 
already  expressed  their  surprise  at  it  and  still  others  have  refused 
to  believe  it.  But  when  we  come  to  look  for  the  cause,  it  is  not  quite 
natural  and  what  migfht  be  expected?  Let  us  take  for  example  an 
oak  tree:  the  oak  posts  in  the  fence  recorded  in  Tables  III  and  IV 
have  from  five  to  seven  inches  face  along  the  medullary  rays.  This 
indicates  that  the  trees  from  which  they  were  split  were  from  20  to 
30  inches  in  diameter.  White  oak  trees  this  size  are  from  ISO  to  200 
years  old.  Now  the  only  part  of  a  tree  that  is  alive  is  the  part  next 
to  the  bark.  That  part  of  the  tree,  therefore,  from  which  these 
three-cornered  posts  were  split,  had  been  dead  a  hundred  years  or 
more  when  the  tree  was  cut.  Then,  too,  the  center  of  the  tree 
contains  numerous  little  knots,  where  branches  dropped  off  in  the 
early  life  of  the  tree.  Some  of  the  branches  in  falling  leave  perfectly 
sound  knots,  but  others  offer  opportunities  for  germs  and  mild 
decay  to  set  in.  This  decay  may  not  make  any  visible  progress 
before  the  sap  wood  closes  over  the  defect  left  by  the  falling  branch, 
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but  its  effects  will  be  there,  and  though  it  may  not  cause  a  rotten 
place  by  the  time  the  tree  is  cut,  it  may  cause  the  wood  for  some 
distance  above  and  below  to  be  a  little  too  dark;  that  is,  instead  of 
bright,  reddish  straw-color,  it  will  be  nearer  a  maroon  or  even  almost 
brown.  Such  wood  may  be  firm  and  strong-,  and  posts  split  from  it 
may  pass  for  sound  ones,  when  as  a  matter  of  fact  this  hidden  decay 
has  already  set  in.  This  quality  of  post  is  by  no  means  rare  in  the 
fences  examined  for  the  preparation  of  this  bulletin.  On  the  other 
hand,  the  posts  split  from  the  outside  of  the  tree  have  not  been  stand- 
ing in  the  tree  so  long,  have  been  formed  after  the  tree  was  a  foot  or 
more  in  diameter  and  had  a  smooth  trunk,  and  the  wood  therefore  is 
clear  of  knots  and  not  subject  to  infections  by  being  exposed  to  the 
air  through  knot  holes. 

It  must  not  be  understood  that  the  white  sap  wood  is  referred 
to  here  as  being  durable.  In  estimating  the  size  of  a  post  split  from 
the  outside  of  the  tree,  as  much  post  only  should  be  counted  as  there 
is  heart  wood.  The  wood  of  good  quality  referred  to  here  is  the 
heart  wood  that  lies  just  beneath  the  sap  wood,  as  compared  with 
the  heart  wood  at  the  center  of  the  tree. 

This  same  tendency  to  rot  at  the  heart  first  is  seen  in  hollow 
trees  and  trees  doted  at  the  heart  in  our  native  woodlands. 

On  the  following  pages  are  given  summaries  of  the  392  fences 
examined.  These  are  grouped  according  to  the  kind  of  timber  from 
which  the  posts  were  made,  and  six  other  items  are  given,  viz.:  size 
of  posts,  age  or  time  of  service,  the  number  sound,  the  number 
rotten,  the  total  number,  and  the  percent  of  sound  posts.  These 
seven  items  are  obtainable  for  the  most  part  from  every  fence  exam- 
ined and  are  items  vital  to  all.  There  are  other  items  in  the  data 
recorded  that  are  of  supreme  importance  for  certain  fences,  but  are 
not  common  to  all  the  fences  alike.  These  will  be  discussed  in  the 
comments  on  the  pages  following  the  tables. 
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The  first  column  of  figures  is  simply  the  order  of  the  fences  of 
each  kind  of  timber.  The  second  column  designates  the  order  of 
the  fences  in  the  six  books  in  which  the  data  were  recorded.  The 
name  and  address  of  the  owner  of  any  of  the  fences  can  be  obtained 
from  those  six  books. 


OSAQE  ORANGB 


Si2e 

Aare 

Na  Sound 

No. 
Rotten 

Total 

Percent 
Sound 

1 

BookNal 

11 

14 

19 

21 

61 
BookNaS 

16 

Book  No.  4 

BookNa6 

1 

2 

3 

4 
BookNa5 

i 

7 

8 

iS 

11 
12 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
28 
29 
30 
Book  No.  6 
32 
33 
34 
36 
36 
37 
38 
39 

Inches 

n 
n 

2HA 

2-4 
8^ 

34 

\X 

2-5 
6 

M 
3-6 
2-4 

y 

4-6 

3-4 

6-12 

6-12 

1-3 

3-5 

6-10 

4X4 

3-5 

\i 

6X6 
3-6 
3.4 

2M-3 

2H-4 
35 

3-4 

2H-4 

3-4 

3-5 

15 

I 

15 
22-12 

16 

48 

33 

34 

3035 

30 

29X 

2»H 

68 
48 
40 
34 
49 
33 
38 
33 
40-r 

21 
7 

7 

25 
47 
25-H 
30 

r 

30 

100 

63 
28 

6a 

79 

54 

104 

494 

531 

68 

44 

29 
310 

24 
126 

214 
29 
18 
17 
68 
92 
49 
61 

332 
43 

130 
40 

27 
41 
41 
42 
53 
70 
31 
67 

0 
0 
0 

1 
3 

0 
0 

0 

0 
2 
9 
2 

1 
0 
2 
0 
4 
0 
1 
0 
0 
7 
1 
0 
0 
4 
2 
0 
4 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

100 

64 
31 

50 
79 

54 

104 
496 

18 

45 

29 
312 

24 
130 

90 

fx 

28 
221 
30 
18 
17 
72 
94 
49 
65 
332 
43 
130 
40 

27 
41 

1^ 

53 
70 
31 
67 

100 

2 

100 

3 

100 

4 

98 

6 

90H 

6 

100 

7::::;.:::.::::::::::;;;::::::. 

100 

8 

100 

9 

100 

10 

999^ 

11 

1^ 

22        

13 

iSS 

14 

15 

99 

16 

m 

17 

97 

18 

100 

19 

97 

20 > 

100 

S.. ...:...:.:..:. 

100 

22 

g:::::-:;:;:::-.::;:::::::::;:: 

25 

97 
97 
100 
100 

26 

94 

27 

96 

m::::::. :::::::;:: : :::: 

29 

100 
94 

»....;::;::::;::;:;;::;:::: 

100 

31 

100 

32::::::::::::::.::;:;:;:::::::: 

100 

33 

100 

34 

100 

35 

100 

100 

37 

100 

38 

100 

39 

100 

40 

41 

100 
100 

Digitized  by 


Google 


616  OHIO  EXPERIMENT  STATION:  BULLETIN  219 
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71 
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4 
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11 

15 

37 

68 
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51 
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53 

69 
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49 

29 
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29 

6 

45 
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9 

13 

22 

93 

90 

50 

19 

76 

80 

191 

4 

8 

96 

169 

38 

49 

3 

18 

3 

40 

0 

68 

2 

130 

0 

143 

0 

136 

2 

13 

4 

69 

7 

45 

16 

45 

5 

40 

0 

16 

0 

61 

47 
74 


m 

97 
84 
56 
90 
87 
53 
79 
31 

# 
75 
S3 
SO 
43 

%< 

100 

NO 
85 


84 

NO 
UO 


RELATIVE  DURABILITY  OP  POST  TIMBERS 
IfULBBRRY 


617 


Size 

Affe 

No.  Sound 

No. 
Rotten 

ToUl 

Percent 
Sound 

1 

Book  No.  1 

20 

38 

40 

41 
Book  No.  2 

29 

20 

19 

18 

17 

'I   , 

Book  No.  3 
4 

26 
Book  No.  5 

24 
Book  No.  6 

19 

4^ 
6-7 
4-6 

t? 

4-7 
4-7 

4-7 

4-5 
4-6 

90 
16 
24 
16 
24 
20 
15 

87 
22 

? 

25 

29 
40 
11 
67 

22 

i 

41 
11 

24 

95 

11 
2 
2 

31 

14 
6 
5 

29 
7 
2 
2 

8 
2 

7 

5 

40 
42 

i 

36 
10 
14 
60 
17 

i 

49 
13 

81 

100 

T2H 

2 

95 

3 

86 

4 

« 

6 

61 

6 

7    

40 
64 

8 

61?^ 

9 

69 

10  

66M 

LI 

12 

13 

76 

84 
84K 

14 

77 

15 

95 

WHITB  CBDAR 


1 

Book  No.  1 

20 
Book  No.  3 

21 

24 
.  25 
Book  No.  6 
14 

25 
25 
26 
26 

28 

44 

4-7 
4-7 
6-7 

6-7 

n 

6-9 
6-9 
6-9 
6-9 
6-7 

19 

1? 

17 
18 
20? 

25 

1 

8 
8 
11 

31 

122 
174 

i! 

69 

84 

33 

53 

738 

712 
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178 

83 

9 

44 

72 

47 

7 

26 
17 
12 
38 
15 
82 
16 

40 

166 
246 

106 

91 
59 
70 
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750 
210 
210 
99 

TIH 

2 

TZH 

3 

71 

4 

6 

77 
44  H 

6 

66 

7 

8 

92 

66 

d 

76 

10    

98  H 

11 

95 

12 

93 

13 

85 

14 

84 

CATALPA 


1 

Book  No.  1 

3 
4 

§ 
I 

10 
12 
13 
16 
Book  No.  2 

i 

87 
36 

30 
29 

26 
25 
24 
23 
22 
21 
20 

Z 
if 
11 

n 
It 

5-6 

n 

n 
n 
n 

5-7 
6-6 
5-6 
5-6 
5-6 
5-6 
5-8 
6-6 
5-6 
6-6 

25 
11 
12 
7 
18 
34 
20 
31 
14 
14 
27 

514 

5 

21 

20 

T 

15 
13 
17 
17 
25 
18 
30 
13 
22 
13 
16 
7 
25 
16 
16 
16 

14 
0 
4 

55 

9 
30 
23 
16 
43 

8 

3 
256 
47 
30 
97 
30 

6 
29 
56 
22 
67 
28 
19 
17 
26 
37 

2 
151 

9 
21 
38 
39 

7 

ii 

34 

2 

30 

3 

8 

34 

10 

9 
40 
31 
13 
10 
17 

i§ 

25 
15 
28 
31 
17 
23 
29 
49 
21 
16 
32 
25 
27 
7 

21 
11 
15 
89 

11 
60 
26 
24 

77 
18 

«12 
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78 

47 
11 
42 
80 
37 
85 
69 
36 
40 
55 
86 
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41 
46 
65 
46 
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0 

27 

2 

3 

4  
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6 
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14 
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CATALPA— Concluded 


Size 
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Sound 

34  

Book  No.  2 

17 
16 
15 
14 
12 
13 
11 
19 
9 

? 
1 

2 
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1 

48 

40 
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5-7 
5-7 
4-6 

n 

3-4 
5-7 
5-7 

18 
21 
15 
20 
23 
14 
16 
30 
15 
15 
19 
17 
18 
1 
39 

7 
7 
7 

6H 
3 
3 
3 
3 

1 
it 

20 
14 
5 

iH 
5« 

3H 
8 
6 
6 
6 

Va 

4 
11 
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6 
11 

H 

6 

6 
11 
11 
11 

25 
11 
19 
10 
47 
34 
53 
56 
59 
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67 
27 

in 

12 
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463 
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.    220 
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46 

11 
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208 
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73 
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60 

85 
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34 
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27 
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17 
12 

\i 

17 
3 
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42 
15 
56 

7 
4 
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70 
21 
9 
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0 
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22 

^? 
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13 

2 
25 
10 
20 
24 

0 

0 
0 
4 
4 

0 
0 
0 
0 
3 
10 
16 

48 
28 
31 
24 
89 
51 
56 
73 
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36 
66 
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58 
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201 
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144 

78 
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60 

85 
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61 

37 
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CHESTNUT 


Size 


Age 


Na  Sound 


No. 
Rotten 
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1 
2 
3 

4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 

16 
17 

18. 


Book  No.  1 
32 


44 

53 

54 
Book  No.  3 

10 

11 

12 

13 

14 

18 

27 

50 

51 
Book  No.  5 

22 

23 

Book  No.  6 
8 


Inches 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 

4-6 
5^ 
5-7 
M 
5-6 
5-6 
5^ 
5-6 
M 

5-6 
5^ 

3-5 


9 
11 
7 
9 
9 
8 

13 
13 
16 
13 
13 
28 
11 
13 
12 

12 

8 

10 


15 
57 
37 
116 


61 
46 

171 

77 

50 

8 

157 
22 


42 


43 


3 
24 

3 
49 

7 

5 

17 
14 
102 
33 
51 
8 
74 
36 
34 

11 

4 

19 


18 
81 
40 
165 
45 
14 

78 
60 
273 
110 
101 
16 
231 
58 
70 

53 
67 

62 


OAK 


1 
2. 
3. 
4 

5. 
6 
7 
8 
9 

10 

11 

J2. 

13. 

14. 

15. 

16. 
17. 
18. 
19. 

20. 
21 
22 
23. 

24 

25. 
26 
27 
28. 


Book  No. 

27 

28 

32 

33 

34 

35 

36 

37 

40 

41 

42 

43 

50 

51 
E    lo.  2 


7o.  3 


E 


To.  5 


Book  No. 

20 

27 

40 

45 


6^ 
5-6 
5-6 
4-5 
4-5 
4-6 
4-6 
4-6 
4-6 
4-6 
4-6 
4-6 
4-6 
4-5 

4-6 
4-6 
4-6 
5-7 
6-7 

4-6 
4-6 
4-6 
4-5 

3^ 

4-5 
4-5 
5-6 
4-5 


12 
9 
9 
17 
16 
14 
14 
20 
13 
20 
16 
8 
12 
23 

13 
16 
20 
13 
13 

25 
15 
10 
13 

18 

25? 

8 
18 
29 


19 
57 
14 


37 
49 
21 
49 
10 
23 
43 
155 
27 

25 

7 

21 

152 

187 

18 

18 

53 

5 


43 
31 
33 
11 


2 

21 

40 

97 

3 

17 

30 

68 

53 

79 

12 

49 

21 

70 

3 

24 

18 

67 

21 

31 

27 

50 

13 

56 

95 

250 

3 

30 

37 

62 

13 

20 

27 

48 

100 

252 

105 

292 

18 

36 

0 

18 

22 

75 

8 

13 

22 

29 

14 

57 

15 

46 

3 

36 

13 

24 

HONEY  LOCUST 

1 

Book  No.  3 

Book  No.  6 
15 
16 

4-6 
6^ 

15 

4 
4 

15 

83 
24 

29 

0 
0 

44 

83 
24 

34 

100 
100 

2  

3 

SASSAFRAS 


Book  No. 6 
17 


56 


57 


57        100 


BLACK  ASH 


1 
2 
3 
4 
5 
6 


Book  No.  6 
18 
21 
22 
29 
30 
31 


5^ 
6^ 
6^ 
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6^ 
5-7 


2 

7 
6 
8 
9+ 

4H 


28 
38 
17 


14       . 
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CX>MMBNTS  ON  A  FEW  OF  THE  ABOVE  FENCES   THAT  HAVE 
SOME  POINT  OF  SPECIAL  INTEREST 

OSAQE  ORANGE,  No.  5.  These  posts  were  made  from  a  hedge  that  had 
been  kept  cut  back  about  4  feet  high  for  a  number  of  years.  It  was  allowed  to 
grow  ten  or  fifteen  years  and  was  then  cut  down  at  the  ground  and  the  larger 
ones  were  made  into  posts. 

Several  of  these  posts  had  defective  places  about  4  feet  from  the  big  end, 
caused  by  cutting  the  hedge  back  year  after  year  at  this  point.  The  posts  were 
set  with  the  small  end  down.  This  put  the  defective  place  just  beneath  the  top 
of  the  ground.     The  three  poor  or  rotten  posts  failed  at  this  point. 

OSAQE  ORANGE,  Nos.  9  TO  30.  These  fences  are  in  Texas.  The  major- 
ity of  the  posts  are  split,  some  are  round,  a  few  are  sawed  and  hewed. 

Nos.  20  and  21  are  blocks  used  for  the  foundation  of  a  house.  These  are 
from  6  to  12  inches  in  diameter.  No.  24  is  a  lot  of  long  posts  used  to  support  a. 
shed  around  three  sides  of  a  bam.  They  are  6  to  10  inches  in  diameter.  The 
rest  are  posts  in  ordinary  fences.  They  range  in  size  from  2  to  6  inches  in 
diameter,  the  majority  of  them  between  3  and  4  inches  in  diameter. 

OSAGE  ORANGE  No.  29.  This  fence  was  built  before  barbed  wire  came 
into  geperal  use.  Small  holes  are  bored  about  nine  inches  apart  along  one 
edge  of  the  posts.  Smooth  wire  was  fastened  in  these  holes  in  such  a  way  as  to- 
make  loops  (see  Plate  VIII).  Rails  split  from  the  Osage  orange  tree  are  inserted 
into  these  loops.  This  makes  a  fence  in  which  there  is  nothing  but-  Osage 
orange  wood  and  No.  9  wire.  The  present  owner  bought  the  farm  28  years 
ago.  He  was  acquainted  with  it  some  12  or  15  years  before  he  bought  it.  The 
posts  were  in  service  and  looked  very  old  the  first  time  he  ever  saw  them. 

The  writer,  while  in  conversation  with  the  owner  of  fence  No.  19,  asked 
him  if  there  was  a  good  market  for  posts  in  that  vicinity.  He  said  they  were 
not  as  ready  sale  as  they  used  to  be.  When  asked  for  the  cause  of  this  he 
replied:  "Well  the  country  was  all  fenced  30  to  50  years  ago  and  we  do  not 
need  any  more  posts.*' 

Any  one  who  drives  about  over  that  part  of  the  country  must  conclude  that 
this  was  not  far  from  the  truth,  for  the  posts  in  most  of  the  fences  are  rather 
ancient  looking,  frequently  being  in  a  large  measure  covered  with  moss  and 
lichens. 

This  timber  is  certainly  one  of  extremes.  Besides  its  remarkable  durabil- 
ity in  the  soil,  it  is  just  as  remarkable  in  its  standing  qualities  when  seasone<^ 
and  in  its  elasticity. 

The  man  just  referred  to  above  has  a  wagon  made  of  Osage  orange.  He 
bought  this  wagon  second  hand,  40  years  ago.  Neither  wheel  has  ever  had  a. 
tire  shrunk  and  the  tires  are  as  tight  today  as  they  were  the  day  they  were  put 
on.  The  wheels,  when  struck  a  sharp  blow,  ring  as  if  they  were  one  solid  piece 
of  metal. 

The  wood  seems  to  have  been  named  from  its  elastic  properties.  The  name 
is  composed  of  three  French  words:  ^*bois^\  wood;  **de^\  "of"  or  "for";  and 
**arc''\  a  bow,  thus  bois  d^arc  means  wood  for  the  bow.  In  this  bulletin  the 
term  "Osage  orange"  is  used  because  that  name  seems  to  be  more  widely 
understood  in  this  state,  although  ** dots  d* arc**  is  the  name  almost  universally 
used  in  the  south-west,  where  the  tree  is  native. 

A  well  digger  at  Yellow  Springs,  Ohio  has  a  drill  that  weighs  about  500 
pounds.  His  machine  is  constructed  in  such  a  way  that,  when  the  drill  falls, 
the  cable  that  supports  it  is  stretched  just   as   the  drill   strikes.     This  cable  !•• 
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fastened  to  the  end  of  a  pole  which  must  be  elastic  and  must  sustain  a  weigrht 
of  100  to  500  pounds.  The  toughest  white  oak  or  hickory  in  this  position  lasts 
about  three  months.  The  Osage  orange  pole  that  he  has  there  at  present  has 
been  there  three  years  and  shows  no  sign  of  weakening. 


Flc.l 


Pig.  2 


Plate  III.  Fig.  1,  Cross-section  of  a  locust  post  that  was 
sound  after  31  years  of  service  in  the  soil.  Note  how  close  the 
annual  rings  are.  Fig.  2,  Cross-section  of  a  locust  post  that 
had  rotted  off  in  five  years.  Note  how  large  the  annual  rings 
are.     See  page  622. 
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LOCUST  No.  1.  This  is  a  line  fence  between  two  fanners.  One  man 
furnished  locust  posts,  the  other  hardy  catalpa.  The  posts  were  set  alternate. 
Of  the  24  locusts,  23  are  sound;  of  the  24  catalpas,  16  are  sound.  Both  kinds 
were  seasoned  when  set.  The  posts  of  each  kind  were  of  fair  quality  except 
post  No.  20  of  the  locusts.     It  was  small  and  worm  eaten. 

LOCUST  Nos.  4  AND  5.  Thirty-one  years  ago  (from  the  time  these  two 
fences  were  examined)  the  owner  went  to  a  locust  grove,  cut  posts  and  built 
fence  No.  5.  Six  years  ago  his  son  went  to  the  same  grove,  cut  posts  and  built 
fence  No.  4.  The  31-year-old  fence  has  88  percent  sound  posts,  the  6-year-old 
has  only  82  percent  sound.  In  the  6-year-old  fence,  the  most  of  the  posts  show 
very  rapid  growth,  especially  near  the  heart;  the  annual  rings  are  from  one- 
fourth  to  three-fourths  of  an  inch  thick.  Many  of  the  posts  had  a  dark  brown 
color,  rather  than  a  bright  straw  color,  and  a  few  were  even  doted  at  the  heart 
when  set.  Further  investigation  showM  that  these  posts  were  made  from  trees 
that  had  grown  from  stumps  from  which  the  posts  for  the  older  fence  had  been 
cut  25  years  before,  (see  Plate  III). 

The  6-year-old  fence  was  examined  again  about  two  and  a  half  years  later, 
that  is  when  it  was  nearly  nine  years  old,  and  was  found  at  that  age  to  be  only 
7*^  percent  sound.     It  is  recorded  in  locust  fence  No.  24. 

LOCUST  Nos.  8,  9  AND  10.  These  three  fences  furnish  some  very  interest- 
ing data.  First,  it  will  be  noticed  that  No.  9,  which  is  one  year  older,  has 
91)4  percent  sound  posts,  while  the  other  two  have  only  84>^  percent  and  81 
percent  sound.  All  three  fences  are  made  from  the  same  lot  of  posts.  Selection 
alone  is  the  cause  of  this  difference.  The  first  75  posts  in  fence  No.  9  are  along 
a  line  between  two  farms,  and  the  man  who  built  the  fence  selected  the  larger 
and  more  perfect  posts  for  this  line.     Of  these  75,  72  are  sound,    or  96   percent. 

These  three  fences  all  agree  in  their  testimony  that  three-cornered  heart 
posts  show  more  decay  than  the  flat  ones  that  were  split  out  next  to  the  sap 
wood.  They  also  show  a  greater  percent  of  sound  posts  among  those  that  are 
set  with  the  top  up  than  those  set  with  the  top  down.  The  cause  for  this  would 
seem  to  be  that  the  post  at  the  top  end  is  a  little  smaller  and  therefore  does  not 
last  quite  as  long.  In  oak  posts  split  from  large  trees,  where  the  taper  of  the 
post  is  not  so  evident,  this  difference  in  durability  is  not  so  noticeable. 

LOCUST  No.  13.  This  fence  is  interesting  as  a  curio  rather  than  for 
scientific  data  of  any  value.  The  posts  are  made  from  railway  crossties  that 
are  said  to  have  been  put  in  when  the  Little  Miami  Railroad  was  built.  They 
remained  in  the  road-bed  until  the  track  was  reconstructed  and  larger  rails 
were  put  on.  The  ties  were  at  that  time  discarded  because  they  were  so  hard 
that  the  men  could  not  drive  the  new  spikes  into  them  nor  pull  the  old  ones  out. 
They  were  brought  up  to  Xenia  by  the  section  foreman  and  put  into  the  present 
position.  These  posts  serve  to  show  that  some  posts  or  ties  of  locust  will 
endure  for  a  remarkably  long  time;  but  they  are  not  worth  much  as  data  upon 
.  which  to  estimate  the  durability  of  timber,  because  it  is  not  known  how  many 
had  rotted  by  the  side  of  these  in  the  track. 

LOCUST  No.  20.  This  is  a  garden  fence  in  which  are  locust  and  red 
cedar,  both  of  first  quality,  and  the  two  kinds  show  the  same  percent  of  sound 
posts.     The  cedar  posts  are  recorded  in  red  cedar  fence  No.  20. 

RED  CEDAR  No.  2.  Compare  this  fence  with  red  cedar  No.  26.  No.  2  has 
74  percent  sound  in  11  years.  No.  26  has  85  percent  sound  in  62  years.  The 
posts  in  No.  26  are  slightly  larger,  although  those  in  No.  2  are  good  sized 
posts,  having  from  4  to  6  inches  of  red  wood. 
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The  wood  in  each  case  was  pure,  healthy  growth,  no  indication  of  doted 
wood  when  posts  were  set.  When  two  fences  of  the  same  kind  of  wood  differ 
as  widely  as  these  when  hoth  are  made  of  healthy  wood,  there  is  a  financial  or 
economic  matter  involved,  that  should  call  forth  our  closest  scrutiny. 

The  posts  in  No.  2  grew  in  the  open  and  have  from  4  to  6  annual  rings  to 
the  inch.  Those  in  No.  26  have  from  50  to  60  annual  rings  to  the  inch.  The 
ring3  a-re  so  close  that  the  microscope  had  to  be  used  to  count  them  (see  Plates 
IV  and  V). 


Plate  TV.  Cross-section  of  a  red  cedar  post, 
sound  after  62  years  in  the  soil.  The  cut  is  the 
same  size  as  the  block  from  which  it  was  taken. 
At  one  comer  of  this  block  there  are  68  rings  to 
one  inch. 
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RED  CEDAR  Nos.  13  AND  15.  No.  13  is  18  years  old  and  about  76  per' 
cent  sound.     No.  15  is  40  years  old  and  has  75  percent  sound. 

No.  13  has  from  6  to  11  ringB  to  the  inch.     No.  15  has  30  to  50. 

In  this  case  the  two  fences  are  on  the  same  farm  and  beg-in  within  a 
hundred  yards  of  each  other.  One  is  more  than  twice  as  old  as  the  other,  but 
the  percent  of  sound  posts  is  almost  the  same.  Red  cedar  that  grows  in  theopeo 
has  wide  annual  rings,  is  apt  to  have  large  and  numerous  knots,  a  very  thick 
sap  wood,  the  red  is  not  as  deep  color,  and  usually  has  more  of  those  pale  red 
or  almost  white  spots  that  are  commonly  mixed  in  with  the  heart  wood  of  this 
tree.  This  quality  of  post  has  been  observed,  a  few  at  a  place,  at  numerous 
places  over  the  state,  and  they  regularly  show  poor  record.  The  red  cedar 
fences,  however,  where  there  is  a  consideral;>le  number  of  posts  in  one  string,  are 
usually  made  of  those  that  have  been  shipped  from  where  they  grew  in  the 
timber.  i 

The  above  characteristic  has  been  watched  quite  closely  throughout  and  it 
is  observed  to  be  quite  a  regular  law  that  the  closer  the  rings  the  better  the 
quality  for  posts. 


Plate  V.  Cross-section  of  a  red  cedar  post  that 
was  rotten  in  9  years.  Cut  was  reduced  one-third  In 
diameter  from  the  block  of  wood.  The  rings  on  the 
wood  are  just  4  to  the  inch.     See  pages  622-624i 


Digitized  by 


Google 


RELATIVE  DURABILITY  OF  POST  TIMBERS  625 

RED  CEDAR  No.  20.  These  posts  are  set  alternately  with  locust  and  have 
the  same  percent  sound  as  the  locust.     Described  under  locust  fence  No.  20. 

RED  CEDAR  No.  21.  Fence  is  only  7  years  old  but  is  showing  consider- 
able decay,  7>4  percent.  Posts  grew  in  an  old  field  but  in  some  places  with 
rather  thick  stand.  Rings  are  from  9  to  12  to  the  inch.  Posts  were  cut  in 
April. 

RED  CEDAR  No.  22.  Came  from  same  grove  as  those  in  No.  21  but  from 
denser  portion.  Most  of  these  have  about  20  rings  per  inch.  The  posts  also 
average  larger.  Posts  were  cut  in  January.  They  are  all  sound  at  12  years, 
while  those  of  fence  No.  21  have  7>^  percent  rotten  in  7  years. 

MULBERRY  No.  1.  These  posts  are  set  alternately  with  native-grown 
white  cedar,  40  posts  of  each  kind.  Mulberries  72>^  percent  sound,  cedar  77>i 
percent  soimd.  The  mulberries  are  of  only  moderately  good  quality.  Compare 
white  cedar  No.  1. 

MULBERRY  No.  2.  Posts  here  are  of  very  fine  quality.  Note  the  differ- 
ence between  this  and  fence  No.  1.  No.  1,  19  years  old,  73  percent  sound,  No. 
2,  same  age,  95  percent  sound.  These  posts  were  clear,  bright  yellow,  while 
those  in  fence  No.  1  frequently  were  too  dark  in  color  .  and  had  more  little 
defective  places.  Some  of  them  seem  to  have  been  «plit  from  trees  on  the 
decline.     So  much  for  good  quality. 

MULBERRY  No.  3.  Are  set  with  white  oak.  Mulberry  85  percent  sound, 
oak  73  percent.  Mulberry  posts  were  made  from  dead  trees,  quality  not  very 
good;  cf.  oak  fence  No.  9. 

MULBERRY  No.  4.  A  yard  fence  with  88  mulberry  posts  and  31  oak,  each 
of  good  quality  of  its  kind,  each  kind  seasoned  about  one  year.  Mulberry  65 
percent,  oak  32  percent  sound.  This  fence  is  a  very  important  one,  because 
the  two  kinds  have  had  the  same  treatment  and  each  is  a  good  specimen  of 
its  kind. 

MULBERRY  No.  5.  Fence  is  a  mixture  of  mulberry  and  catalpa,  in  which 
the  mulberry  seems  to  be  the  better,  each  a  good  quality  of  its  kind.  Mulberry 
61  percent,  catalpa  53  percent  sound;  cf  catalpa  fence  No.  24. 

MULBERRY  No.  6.  A  mixture  of  mulberry  and  catalpa  in  which  the 
catalpa  has  the  advantage.  The  mulberry  is  not  a  good  quality  of  its  kind. 
Mulberry  40  percent,  catalt>a  85  percent  sound;  cf.  catalpa  No.  33. 

MULBERRY  Nos.  7  AND  9.  Mixed  with  catalpa,  in  which  mulberry 
shows  the  better  record.  The  mulberries  64  percent  and  59  percent  sound, 
catalpas  52  percent  and  39  percent  sound, 

WHITE  CEDAR  No.  1.  Fence  contains  40  white  cedar  and  40  mulberry. 
Cedar,  77^  percent  sound;  mulberry,  72>i  percent  sound.  See  mulberry  fence 
No.  1. 

WHITE  CEDAR  Nos.  2,  3  AND  4.  A  large  number  of  these  posts  are 
halves  sawed  from  small  sized  trees.  Those  marked  **p"  and  **f'*  usually 
show  that  decay  began  at  the  heart.  Quite  frequently,  all  that  is  left  of  the 
post  where  it  enters  the  ground  is  a  half-circle  next  to  the  sap  wood.  See 
Plates  I  and  II. 

A  considerable  portion  of  these  posts  had  what  is  known  as  ''pipe  rot*' 
when  set.  **Pipe  rot"  is  a  term  applied  to  white  cedar  that  has  a  little  doted 
place  or  a  little  hollow  about  an  inch  in  diameter  extending  through  the  length 
of  the  post.  This  is  very  frequent  with  the  white  cedar  and  dealers  in  selling 
sometimes  specify  that  ''pipe  rot*'  shall  not  be  considered  a  defect  such  as  to 
bar  the  post  thus  affected  from  the  first  class. 
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WHITE  CEDAR  No.  6.  All  the  rotten  posts  in  this  fence  were  removed  in 
the  summer  of  1907,  and  locust  put  in  their  places.  The  locusts  were  taken 
from  the  east  line  of  the  farm,  from  a  fence  that  was  built  in  1874,  along*  a  lane. 
The  lane  was  abandoned  in  1907  and  the  locust  fence  was  moved  out  onto  the 
line,  and  wire  was  put  on  instead  of  the  old  boards.  Thus  fewer  posts  were 
used.  The  posts  that  were  brought  over  to  the  white  cedar  fence  were  set  with 
the  same  end  in  the  ground  as  in  the  former  fence.  The  condition  of  the  locust 
fence  may  be  seen  in  locust  No.  7,  which  was  32  years  old  and  had  69  percent 
sound. 

CATALPA  No.  2.  The  posts  in  this  fence  were  hewn  from  small  trees  that 
were  mere  bushes  when  the  other  timt>er  was  cut  off.  They  were  left  and  grew 
thus  in  the  open,  in  rich,  bottom  land.  They  were  all  pure  heart  wood  with  no 
decayed  places.  The  owner  thought  when  he  finished  this  fence  that  he  would 
never  have  to  build  another  in  the  same  place.  But  it  all  went  down  in  eleven 
years. 

There  were  short  posts  set  alternately  with  the  regular  posts.  These  just 
came  to  the  top  of  the  base-board  of  the  fence.  These  short  posts  were  cut 
from  slow  gfrowth  catalpas  in  the  woods;  some  of  them  were  pieces  of  old  posts. 
A  good  percentage  of  the  short  ones  were  sound  when  the  fence  was  removed. 
See  Plate  VI. 

CATALPA  No.  5.  Age  18  years.  The  north  end  of  this  fence  originally 
contained  catalpa,  mulberry,  burr  oak,  honey  locust,  and  sassafras.  The 
honey  locust  and  the  sassafras  are  all  gone.  Of  the  other  three  kinds,  the 
owner  says  he  has  taken  out  more  oaks  than  any  other.  The  south  half  of 
the  fence  has  never  had  any  posts  removed.  They  are  mostly  catalpa  and  mul- 
berry.    The  mulberry  is  in  a  little  better  condition  than  the  catalpa. 

CATALPA  No.  9.  Age  14  years,  66  percent  sound.  These  are  alternate 
with  locust  in  fence  No.  1  under  locnst,  and  are  discussed  there. 

CATALPA  No.  12.  Age  5)4  years,  25  percent  sound.  These  were  cut  from 
trees  that  grew  in  low  rich  land,  just  inside  of  a  field,  along  a  road.  The 
g^wth  was  very  rapid,  the  annual  rings  frequently  being  three  fourths  of  an 
inch  thick.     The  posts  were  cut  just  as  the  buds  began  to  swell,  and  set   green. 

CATALPA  No.  13.  Age  15  years,  86}4  percent  sound.  These  posts  stood 
15  3'ears,  then  were  turned  over  and  the  other  end  was  put  in  the  ground.  The 
exact  condition  therefore  for  these  first  IS  years  can  be  seen  by  looking  ,at  the 
top  of  the  present  posts.  Very  few  posts  were  discarded  in  resetting.  If  a 
post  had  rotted  off  in  the  15  years,  a  piece  was  nailed  on  the  top  of  it  when 
reset.     Posts  are  of  fine  quality,  with  close  grain. 

CATALPA  No.  14.  Age  21  years,  60  percent  sound.  Is  a  continuation  of 
fence  Nor  13,  but  this  part  has  never  been  reset  nor  mended.  It  stood  six 
years  longer,  or  21  years  and  shows  60  percent  sound  as  compared  with  82>^ 
percent  sound  in  the  15  year-old  fence. 

CATALPA  No.  19.  Age  13  years,  fence  contains  42  catalpa  and  62  oak 
posts,  catalpa  69  percent  and  oak  40  percent  sound.  Each  kind  only  medium 
in  quality. 

CATALPA  No.  22.  Age  25  years,  67  percent  sound,  is  a  fine  quality  of 
catalpa  grown  in  dense  timl>er.  No  posts  have  ever  been  removed  from  fence. 
Some  of  these  posts  sent  out  sprouts  as  they  stood  in  the  fence.  One  of  these 
was  left  and  is  now  a  tree  about  40  feet  tall.  Posts  were  cut  in  the  winter  and 
set  green.     Compare  catalpa  fence  No.  12. 

CATALPA  No.  25.    Age  13  years,  43  percent   sound.      Posts   were  cuv 
April.     They  show  poor  record,  only  43  percent  sound  in  13   years  though  t^J^ 
were  a  good  quality  of  timber*  close  grain.     Compare  catalpa  No.  12. 
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Fig.  2 

Plate  VI.  Fig.  1,  Cross-section  of  a  catalpa  post,  sound  after  IS  years 
[n  tbe  soil.  Note  how  close  the  annual  rings  are.  See  page  626.  Fig.  2.  Cross- 
section  of  a  catalpa  post  rotten  in  6  years.  Note  the  large  aimual  rings. 

CA.XAX.PA  Nos.  27  AND  28.  Age  13  years,  43  percent  sound,  and  age  16 
^^  p  percent  sound.  Many  of  the  posts  in  these  two  fences  have  annual 
B  on  tlie  outside  about  twice  as  thick  as  the  average  thickness  for  trees 
;.ji  in  dense  timber.  These  posts  were  made  from  trees  that  grew  in  their 
^  Xijfe  among  other  trees   which   were   afterwards   cut   away,    leaving  the 
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Cc  alpa  in  an  open  woods.  That  part  of  these  posts,  therefore,  which  in  odwr 
pf  sts  is  best,  that  is,  the  part  next  to  the  sap  wood,  shows  rapid  growth.  This 
may  be  the  cause  of  the  poor  record  in  these  two  fences.  Some  oak  posts  in  Na 
28  are  35  percent  sound,  while  catalpa  in  same  fence  are  only  9  percent  sound 

CAT  ALPA  No.  35.  Fence  contains  mulberry  posts  also,  that  show  59  per* 
cent  sound,  while  the  catalpas  show  39  percent  sound.  Has  never  l>een  reset 
Each  is  good  quality  of  its  kind;  cf.  mulberry  No.  9.    Both  kinds  were  seasoned. 

CATALPA  No.  38.  Is  the  same  fence  as  catalpa  No.  4,  but  one  year  later, 
showing  53  percent  sound  as  against  62  percent  sound  one  year  before.  Seasoned. 

CATALPA  No.  41.  In  same  fence  are  48  posts  of  fine  quality  of  white  oak. 
No  posts  have  ever  been  removed.  The  catalpa  shows  77  percent  sound,  the  oak 
44  percent;  cf.  oak  fence  No.  17.     Age  20  years,  well  seasoned. 


Piff.S 


Plate  VII.  Fig.  1,  (a)  Catalpa  post  from  a  fence  eleven  years  old  and 
all  rotten.  Posts  in  this  fence  are  from  trees  of  rapid  growth,  (b)  Catalpa 
post  from  a  fence  25  years  old«  Two-thirds  of  the  posts  are  sound.  Trees 
from  which  the  posts  were  made.  £Tew  very  slow  in  dense  forest. 

Fig.  2,  (a)  Locust  post  from  tence  6  years  oid,  rapid  growth,  (b)  Locust 
post  from  a  fence  31  years  old,  slow  growth.  The  two  fences  have  the  same 
percentage  of  rotten  posts.     See  page  639. 


Digitized  by 


Google 


RELATIVE  DURABILITY  OF  POST  TIMBERS  629 

CATALPA  Nos.  53-84.  All  the  catalpa  posts  in  fences  53-84,  8514  in  number, 
Nere  grown  in  cultiyated  groves.  They  are  all  round  and  small,  from  2}i  to 
3  inches  in  diameter  at  the  ground.  The  great  mass  of  them  are  between  3  and 
[  inches  in  diameter.  They  were  grown  in  Kansas,  with  a  few  exceptions  in 
he  Farlington,  the  Hunnewell,  and  the  Hunger  plantations.  The  posts  at  the 
x>p  end  have  from  13  to  20  annual  rings,  usually  about  15  or  16.  These  rings 
ire  much  wider  near  the  center  than  near  the  bark.  The  first  3  rings  are  fre- 
quently about  }4y  H  s^nd  }^  inch  thick;  whereas  on  the  outside  it  takes  8  to  10  to 
nake  an  inch.     See  Plate  VI,  Fig.  1. 

The  trees  from  which  these  posts  were  cut  were  planted  4x4  feet,  and  after 
he  first  few  years  there  was  of  course  intense  crowding.  This  caused  the  outer 
ayers,  the  outside  half  of  the  post,  to  have  about  the  same  rate  of  i  growth  and 
>ame  texture  as  that  grown  in  native  woodlands  in  the  Wabash  valley.  Since 
he  posts  are  all  round,  that  part  of  the  post  that  grew  slowly  is  next  to  the 
^il. 

The  sap  wood  of  the  catalpa  is  confined  to  the  two  outside  rings.  This 
x)lds  g'ood  for  the  thrifty  and  the  crowded  tree  alike.  The  thickness,  therefore, 
»f  the  sap  wood  in  these  posts  is  a  mere  trifle,  frequently  not  more  than  the 
enth  of  an  inch;  and  although  the  post  may  seem  quite  small,  still  it  has  a 
comparatively  good  amount  of  serviceable  heart  timber. 

There  is  a  good  lesson  for  the  tree  grower  in  this;  that  is,  when  a  grove 
»egin8  to  get  crowded  and  the  trees  are  growing  more  slowly,  they  are 
>robably  putting-  ^n  a  better  quality  of  post  material,  and  besides,  the  increase 
»f  serviceable  post  timber  is  more  than  the  current  year's  growth  would 
ndicate. 

Let  us  suppose  that  on  a  given  tree  the  annual  rings  for  the  years  1906, 
907,  1908,  1909,  are  1-6,  1-7,  1-8,  1-9  of  an  inch  in  thickness. 

These  rings  represent  the  amount  of  growth  of  the  tree  in  the  respective 
rears,  but  the  layer  1-6  of  an  inch  thick  was  changed  to  heart  wood  in  the  year 
908  and  the  layer  1-7  of  an  inch  thick  will  be  changed  to  heart  wood  or 
erviceable  wood  in  1909.  The  increase  of  serviceable  wood  therefore  for  the 
'ears  1908  and  1909  is  the  amount  that  grew  in  the  years  1906  and  1907. 

So  far,  therefore,  as  these  two  points  are  concerned,  it  would  seem  advis- 
ible  to  let  a  grove  stand  a  few  years  after  it  has  become  crowded. 

CATALPA  No.  72.  These  are  mere  stakes,  about  214  inches  in  diameter, 
ill  round.  They  were  cut  from  little  trees  7  years  old.  They  have  been  in  the 
Tound  6}4  years  and  are  64  percent  sound. 

This  should  be  compared  with  catalpa  fence  No.  80,  in  which  the  posts  are 
►ut  little  larger,  2>^  to  3  inches  in  diameter,  but  were  cut  from  trees  13  to  14 
'ears  old,  growth  about  half  as  rapid  as  those  in  No.  72.  Fence  No.  80  is  8 
'ears  old  and  has  83  percent  sound. 

CATALPA  Nos.  85-93.  The  posts  in  catalpa  fences  85-93  were  cut  from 
rees  that  grew  in  Ohio  in  cultivated  groves. 

CATALPA  Nos.  86  AND  88.  Notice  here  that  fence  No.  86  is  11  years  old 
tnd  100  percent  sound  and  that  No.  88  is  only  6  years  old  and  only  87>4  per- 
ent  sound. 

The  posts  in  No.  86  are  very  small  but  they  are  made  from  very  slow 
Rowing"  trees.     Those  in  No.  88  are  from  fast  growing  trees. 

CHESTNUT  No.  1.  These  posts  are  set  alternately  with  white  oak  of 
Lbout  the  same  size.  Chestnut  83^  percent  sound,  oak  82  percent  sound;  cf. 
»ak  No.  3. 

CHESTNUT  No.  14.  Fence  contains  58  chestnut  and  13  oak  posts,  about 
ame  percent  of  each  sound.     The  oak  were  of  poor  quality. 
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OAK  No.  2.  Ag-e  9  years,  59  percent  sound.  Two  years  after  this  fence 
was  examined  so  many  of  the  posts  were  rotten  that  the  fence  had  to  be  reset 
The  first  eight  posts  at  the  north  end  of  the  fence  are  good  quality  of  locust,  one 
of  which  is  rotten.  These  locust  posts  are  now  standing  with  the  fourth  set 
of  oak. 

OAK  No.  3.  Posts  are  82  percent  sound,  set  alternately  with  chestnut  83'} 
percent  sound. 

OAK  No.  9.  Mixed  with  mulberry.  Oak  73  percent,  mulberry  85  percent 
sound. 

OAK  No.  10.  Is  mixed  with  mulberry  No.  4,  age  20  years.  Oak  32  percent 
mulberry  65  percent  sound. 

OAK  No.  12.     Most  of  the  rotten  posts  here  are  three-cornered  heart  posts. 

OAK  No.  14.  Age  23  years,  90  percent  sound.  These  posts  are  made  from 
the  chinquapin  oak,  or  white  barked  chestnut  oak.  Posts  were  put  in  the 
ground  the  same  day  they  were  split.  I*:  is  a  rather  remarkable  record  for  oaL 
They  are  of  very  fine  quality. 

OAK  No.  IS.  Posts  are  set  with  catalpa  in  which  catalpas  are  69  percent 
and  oaks  are  40  percent  sound;  cf.  catalpa  fence  No.  19. 

OAK  No.  16.  These  are  set  with  catalpa  that  has  rather  rapid  growth  oa 
outside  of  post.  Catalpa  9  percent  sound,  oak  35  percent  sound.  See  catalpa 
fence  No.  28. 

OAK  No.  17.  Catalpa  and  oak  mixed.  Catalpa  77  percent,  oak  44  percent 
sound.     Good  quality  of  each  kind.     See  catalpa  fence  No.  41. 

OAK  No.  18.  This  fence  is  given  in  detail  in  Tables  III  and  IV.  It  will 
be  noticed  that  three-cornered,  heart  posts  here  show  poor  record.  These  three- 
cornered  ones  are  quite  large  in  this  fence. 

There  are  four  round  sassafras  posts  here,  Nos.  137,  143,  144  and  145. 
They  are  seven  or  eight  inches  in  diameter,  one  is  sound,  three  are  rotten. 

OAK  No.  19  Age  here  is  a  little  uncertain,  but  these  are  very  fine  quality 
of  oak. 

OAK  No.  22,  Fence  contains  143  good  quality  red  cedar  and  75  oak  posts. 
Cedar  all  sound,  oak  71  percent  sound.     See  red  cedar  fence  No.  24. 

OAK  No.  23.  Set  with  chestnut.  Oak  39  percent;  chestnut  38  percent 
sound.     See  chestnut  fence  No.  14. 

HONEY  LOCUST  No.  1.  Age  15  years,  34  percent  sound.  This  is  the 
only  fence  of  honey  locust  of  any  considerable  length  and  age  that  has  been 
examined.  They  have  been  found,  a  few  at  a  place,  in  several  other  fences, 
and  have  shown  poor  record. 

BLACK  ASH  FENCES.  I  find  a  numt)er  of  men  who  speak  very  highly  <rf 
the  black  ash  for  post  timber,  but  the  fences  and  telephone  lines  in  the  north- 
west part  of  Ohio  do  not  seem  to  justify  this  estimate. 


In  making:  an  estimate  of  the  worth  of  a  given  timber,  several 
things  should  be  considered. 

It  has  been  pointed  out  above  that  posts  are  frequently  set  that 
are  in  poor  condition  when  set,  that  is,  they  may  have  been  grown  or 
cut  under  unfavorable  conditions,  or  they  may  be  too  dark  in  color, 
not  entirely  healthy,  or  even  doted  to  a  considerable  extent. 
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Fences  that  are  made  in  part  or  entirely  of  such  posts  are  not 
so  valuable  for  data,  since  there  is  no  means  of  estimating:  to  what 
extent  they  are  defective. 

They  may  be  used  to  show  the  tendency  of  such  timber  to  be 
thus  affected. 

Thus  for  example  locust  fence  No.  4  should  be  rejected  in 
making:  an  estimate,  because  the  posts  were  of  very  poor  quality, 
some  of  them  even  beginning  to  decay  when  they  were  set.  In  6/4 
years  18  percent  of  these  were  rotten. 

Locust  No.  13  contains  20  posts  that  have  been  in  service  for 
probably  60  years  and  are  all  sound.  This  should  not  be  counted  in 
making  estimates,  for  these  were  made  from  old  railroad  ties  and, 
though  these  20  show  remarkable  record,  yet  there  is  no  way  of 
knowing  how  many  rotted  by  the  side  of  them  in  the  track.  It  would 
be  just  as  fair  to  gather  up  the  rotten,  if  that  were  possible,  and 
estimate  the  locust  from  them. 

Catalpa  fence  No.  12,  which  at  the  age  of  Sj4  years  had  only  25 
percent  sound  posts,  is  an  extreme  case.  It  contains  two  suspicious 
elements,  very  rapid  growth  and  posts  were  cut  just  as  buds  began 
to  swell. 

Catalpa  fences  Nos.  72  and  73  should  be  rejected,  because  the 
posts  are  so  small  and  grew  rather  fast,  and  had  but  little  heart 
wood.     These  contain  64  percent  and  75  percent  sound. 

Osage  orange  Nos.  20  and  21  should  be  rejected  on  account  of 
large  size,  being  from  6  to  12  inches  in  diameter.  These  are  58  and 
48  years  old,  respectively,  and  none  are  rotten. 

Red  cedar  No.  2  contains  only  74  percent  sound  posts  in  11 
years.  It  should  be  taken  into  consideration  where  these  grew,  that 
is,  out  in  the  field. 

Red  cedar  No.  17,  50  percent  sound  in  63  years,  should  be 
rejected  on  account  of  size.     They  are  about  a  foot  square. 

Fences  therefore  that  are  to  be  used  as  a  basis  for  conclusions 
should  contain  posts  made  from  average  timber  and  should  contain 
a  goodly  number  of  posts. 

The  following  tables  contain  the  data  on  a  few  characteristic 
fences.  Each  fence  is  a  good  example  of  its  kind,  and  none  are  put 
in  this  list  except  those  on  which  very  accurate  data  could  be 
obtained.  They  are  average  fences  in  which  the  posts  were  sound 
when  set.  Each  group  will  therefore  reflect  a  comparatively  correct 
estimate  of  the  kind  of  posts  that  it  contains. 
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OSAQS  ORANQK 

A ».« rvf  i?4^n/^                             Number  Number  ^^4.^%  Percent 

Agre  of  Fence                         sound  posts  rotten  posts  ^^^^^  sound 

28 S3  1  54  98.1 

33 494  •  2  496  99.6 

29 310  2  312  99.3 

36 38  1  39  97.4 

40 49  0  40  100 

33 17  0  17  100 

Average  Agre,     33.2                                      Avera^  Percent  Sound,  99 

LOCUST 

31 22  3  25  88 

32 115  51  166  69.3 

20 126  30  156  80.8 

21 143  13  156  91.7 

22 Ill  21  132  84.1 

30 55  6  61  90,1 

22 88  34  122  72.1 

Average  Age,    25.4  Average  Percent  Sound,    82.3 

RSD  CBDAR 

35 24  27  51  47 

42 81  59  140  57.9 

36 37  29  66  56.1 

30 48  13  61  78,7 

18 71  22  93  76.3 

38 57  19  76  75 

Average  Age,     33.2  Average  Percent  Sound,    65.2 

MULBERRY 

19 29  11  40  72.5 

20 57  31  88  64.8 

19 20  2  22  9a9 

24 10  7  17  58.8 

37 41  8  49  83.7 

Average  Age,      23.8  Average  Percent  Sound,    74.1 

WHITB  CEDAR 

17 122  44  166  77.5 

17 174  72  246  71 

15 84  7  91  92 

25 33  26  59  56 

18 31  39  70  44 

Average  age,     18.4  Average  Percent  Sound,    68 

CATALPA 

25 14  7  21  66.6 

17 55  34  89  61.8 

20 30  30  60  50 

14 '. 43  34  77  55.8 

21 47  31  78  60.2 

25 57  28  85  67.1 

22 26  29  55  47.3 

13 37  49  86  43 

14 103  24  127  81.1 

15 69  54  123  56.1 

7 403  45  508  91.1 

Average  Age,    17.5  Average  percent  Sound,    61.8 
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Age  of  Fence                             Number        Number        ^    ^  Percent 

xx^c  V*  X  ^i«^                          sound  posts  rotten  posts  sound 

CHESTNUT 

11 57                   24                   81  70.4 

9 116                   49                 165  70.3 

V  61                   17                  78  78.2 

16 171                 102                 273  62.7 

12 42                   11                   53  79.2 

13 ., 77                  33                 110  70 

Average  Age,    12.3                                   Average  percent  Sound,  71.8 

OAK 

9 57                   40                   97  58.8 

17 38                   30                   68  55.9 

14 49                   21                   70  70 

13 145                    97                  246  58.9 

8 .-. 43                    13                   56  76.8 

10 53                   22                   75  69.7 

Average  Age,     11.8                                   Average  Percent  Sound,  65.2 

BLACK  ASH 

7 38                   20                   58  65.5 

6  17                   10                   27  62.9 

Average  Age,     6.5    .                                 Average  Percent  Sound,  64.2 


It  is  practically  impossible  to  arrange  a  set  scale  of  percents 
that  will  show  the  exact  value  ol  each  kind,  on  account  of  varying: 
circumstances  surrounding  the  fences.  For  example,  one  fence 
may  contain  posts  of  the  very  best  quality  of  their  kind  while  another 
of  another  kind  may  contain  a  second  best.  Then  there  are  all  stages 
of  seasoning,  and  different  kinds  of  soil.  Then,  too,  the  age  of  a 
fence  and  the  percent  of  rotten  posts  do  not  increase  at  the  same 
rate. 

While,  therefore,  in  the  tables  above,  the  average  age  and  the 
average  percent  sound  cannot  be  regarded  as  scientifically  accurate, 
yet  it  is  felt  that  they  give  a  fair  idea  of  the  durability  of  the  various 
kinds. 

In  the  following  table  an  effort  is  made  to  picture  the  relative 
value  of  the  different  kinds  of  timber  by  giving  the  percent  of  posts 
that  are  usually  found  to  be  sound  at  various  ages,  beginning  at  ten 
years  and  counting  each  five  succeeding  years  up  to  50  years. 

When  the  number  of  sound  posts  falls  below  SO  percent,  no 
furftier  notice  is  made  of  it. 

This  table  probably  shows  the  best  comparative  estimate  that 
can  be  given. 


Digitized  by 


Google 


634 


OHIO  EXPERIMENT  STATION:  BULLETIN  219 


PBRCBNTAQB  OP  SOUND  POSTS  IN  AVERAGE  PENCES 
AT  AGES  PROM  TEN  TO  PIPTY  YEARS 


Acre  in  Years 

Osage 
Oranffc 

Locust 

Red 
Cedar 

Mul- 
berry 

White 
Cedar 

Catal- 
pa 

Chest- 
nut 

Oak 

Black 
Ash 

10 

100 

100 

100 

100 

99 

98 

97 

100 
95 
89 

(79) 

100 
97 
87 

(84) 
80 
55 

97 
80 
78 
73 
62 

85 
78 
62 

90 
72 

58 
53 
45 

72 
62 

71 
61 
47 

40 

15 

20 

25 

65 

62 

30 

35 

85 

50 

40 

83 

70 

45 

100 
100 

50 

The  numbers  in  parentheses  are  in  part  or  entirely  estimated 
from  the  numbers  .preceding*  and  following;  for  example,  it  so 
happened  that  there  were  no  locust  fences  examined  that  were 
exactly  25  years  old,  and  the  percent  sound  for  this  ag-e  is  estimated 
at  86,  which  is  half  way  between  89  and  83,  the  percentage  for  20 
and  30  years  respectively. 

■  It  will  be  noticed  that  in  each  column  the  numbers  representing* 
the  percentage  of  sound  posts  decrease  to  a  certain  point  and  then 
increase  again;  for  example,  the  column  under  "Red  Cedar*' 
decreases  until  ag-e  35  is  reached.  We  find  the  averag^e  fences  at 
this  age  are  55  percent  sound,  while  the  average  fences  at  40  years  of 
age  are  70  percent  sound. 

The  cause  of  this  unexpected  feature  is  that  the  posts  are  lar^e 
and  of  exceptionally  fine  quality  with  practically  no  defective  x>osts. 
The  important  part  of  the  table  is  that  before  this  increase  in  per- 
centage takes  place  and  for  this  reason  the  first  or  important  part  is 
printed  in  bold  face  type. 

Fences  of  these  older  ages  have  been  found  as  recorded,  and 
although  they  are  not  the  types  that  estimates  should  be  made  from, 
yet  it  was  thought  best  to  put  them  in  the  table,  but  they  have  been 
put  in  with  a  different  kind  of  type.  One  very  important  lesson  thai 
they  teach  is  the  effect  brought  about  by  the  selection  of  good 
quality  of  perfectly  sound  timber. 

It  will  be  seen  from  the  table  that  the  Osage  orange  is  in  a  class 
entirely  alone,  with  no  close  competitor.  Yellow  locust  and  red 
cedar  come  next,  very  close  together,  with  a  little  in  favor  of  the 
locust.  In  the  case  of  the  red  cedar,  only  that  which  grew  in  the 
woods  is  counted.  That  which  grows  in  the  open  is  about  the  same 
as  oak  in  durability.  Considerably  below  these  two  is  mulberry. 
Then  white  cedar  and  catalpa  quite  close  together;  and  below  these, 
chestnut  and  oak,  with  a  little  in  favor  of  chestnut;  then  black  ash. 
The  varieties  of  oak  counted  are  white  oak,  chinquapin  oak,  burr 
oak,  the  majority  being  white  oak.  A  small  amount  of  black  oak  and 
post  oak  has  also  been  examined.  ^'Q' '^^^  ^^  vjw^gi^. 
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Besides  these  varieties  there  have  been  found  a  few  at  a  place  of 
honey  locust,  sassafras,  black  walnut,  white  walnut  and  elm.  The 
durability  of  these  is  usually  poor;  though  some  instances  of  excel- 
lent durability  have  been  found  in  the  black  walnut.  It  is  reg-ularly 
poor  when  cut  from  a  thrifty  young  tree. 

The  durability  of  some  timbers  seems  to  have  been  over  esti- 
mated; for  example,  the  chestnut  and  the  hardy  catalpa,  especially 
the  latter. 

The  author  is  aware  that  most  writers  on  this  subject  class  the 
hardy  catalpa  with  the  red  cedar,  the  yellow  locust,  and  the  Osage 
orange,  but  the  examination  of  292  fences  containing  30,160  posts  in 
actual  service  points  to  the  conclusion  herein  made,  and  the  classifi" 
cation  has  been  made  in  accordance  with  what  the  data  indicate, 
regardless  of  any  personal  opinion.  The  fences  examined  were  the 
oldest  that  could  be  found. 

It  is  suggested  that  the  former  estimate  placed  on  the  durability 

of  this  timber   seems  to  have  been  taken  in  a  large  measure  from 

isolated  posts,  from  old  logs  pulled  out  of  river  beds  where  they  had 

'  lain  for  many  years,  or  from  railroad  ties  where  no  record  is  given  of 

-  those  that  may  have  rotted  in  the  same  track  while  these  survived. 
A  dozen  ties  that  have  survived  25  or  30  years  in  the  road-bed  of  a 
railroad  are  worth  but  little  for  data  unless  it  is  known  how  many  of 
the  same  kind  rotted  in  the  same  situation.  A  dozen  posts  that  have 
survived  40  years  in  a  fence  are  worth  but  little  for  data,   unless  we 

-  know  the  condition  of  all  the  other  posts  in  the  same  fence. 

Let  us  illustrate  with  a  timber  that  we  are  all  acquainted  with. 
Near  Albion,    Illinois,  there  is  a  gate  post  that  was  an  old  weather- 

-  beaten  post  when  the  present  owner  bought  the  farm,  just  before 
the  Civil  War.     This  post  was  still  supporting  a  gate  in  the  summer 

.,  of  1906.     Near  Lebanon,  Ohio,  is  a  post  which  supported  a  gate,  or 
,s  gates,  65  years  and  was   then  run  against  by  a  two-horse  wagon, 
^  owned  by  the  grandson  of  the   man   who  set  the  post.     It  stopped 
:  the  wagon  and  was  not  broken.     These  two  posts  are  white  oak. 
Tr  At  the  Ohio  Experiment  Station,  at  Wooster,  Ohio,  is  a  piece  of 

white  oak  timber  a  foot  square.  This  piece  was  one  end  of  a  log  60 
-I  feet  long.  The  entire  log  is  sound,  showing  practically  no  decay  at 
-f  any  point.     This  log  has  been  under  ground  ever  since  the  Wabash 

Canal  was  built.     It  was  under  water  most  of  the  time. 
^  It  is  evident  that  an  estimate  of  the  durability  of  white  oak 

should  not  be  made  from  these  three  instances. 

The  fact  should  be  kept  very  clearly  in  mind  that  in  order  to 
have  reliable  data^  we  should  have  a  number  offences  with  a  consider- 
able  number  of -posts  in  each  ^  and  the  condition  of  every  post  in  the 
fences  should  be  taken.  It  would  be  just  as  fair  to  gather  up  tne 
rotten  ones  and  make  an  estimate  from  them  alone,  as  to  take  the 
sound  ones  that  have   survived  and  make  no  note  of  the  rotten  ones 
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X 


X 

Plate  VIII.  Parts  of  two  Osage  orange  posts, 
from  two  fences,  one  30  and  the  other  34  years 
old.  Each  fence  contains  a  little  over  99  percent 
sound  posts.  This  is  about  an  average  for  the 
Osage  orange.  The  pieces  marked  X  are  the 
parts  that  were  in  the  ground.     See  page  620. 
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Plate  IX.  The  trunk  of  a  healthy  young  locust  tree. 
Note  the  lighter  colored  places  between  the  longitudinal 
ridges. 
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Plate  X.  The  trunk  of  a  locust  tree  afifected  with  the 
locust  borer.  Notice  the  lumpy,  uneven  surface  and  that 
the  bark  is  all  dark.    Compare  this  with  Plate  IX. 
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SOME  FACTS  BROUGHT  OUT  BY  THIS  INVESTIGATION 

1.  That  a  lar^e  post  usually  lasts  longer  than  a  small  one  of 
the  same  wood. 

2.  That  there  is  no  difference  which  end  is  put  in  the  ^ound, 
except  that  the  sounder  or  larg^er  end  should  have  the  preference. 

3.  In  stifif  clay  soil,  the  posts  rot  principally  just  beneath  the 
top  of  the  ground,  and  in  a  porous  sandy  or  gravelly  soil,  they 
usually  rot  from  the  top  of  the  soil  all  the  .way  down;  the  effect  is 
the  same  in  both:  cases. 

4.  In  soil  that  is  full  of  water  all  the  time,  posts  will  last  longer. 
It  is  the  alternating  between  wet  and  dry  that  causes  decay. 

5.  From  data  collected  so  far,  seasoninlg:  does  not  seem  to  have 
any  marked  effect  on  durability.  The  best  catalpa  fence  examined 
was  set  green;  cf.  catalpa  fence  No.  8.  In  the  best  oak  fence  exam- 
ined, the  posts  were  cut  and  put  in  the  ground  the  same  day;  cf.  oak 
fence  No.  14.  Likewise  some  of  the  best  fences  are  those  in  which 
the  posts  were  well  seasoned. 

It  has  been  very  difficult  to  get  accurate  data  on  the  matter  of 
seasoning,  especially  in  fences  where  the  posts  have  been  only  par- 
tially seasoned  when  set.  But  there  has  been  a  sufficient  number 
found,  in  which  the  posts  when  set  were  well  seasoned  or  entirely 
green,  to  justify  the  above  conclusion.  We  hope,  however,  to  be 
able  to  investigate  this  matter  further. 

6.  Timber  that  grows  rapidly  and  in  the  open  is  not  as  good  as 
the  same  variety  that  grows  in  the  woods.  This  has  been  observed 
especially  in  the  red  cedar,  the  catalpa,  and  the  locust.  Compare 
red  cedar  fence  No.  2,  11  years  old  and  74  percent  sound  with  red 
cedar  No.  15,  40  years  old  and  75  percent  sound;  No.  2  is  from  rapid 
and  No.  15  is  from  slow  growing  timber.  Compare  catalpa  fence 
No.  2,  11  years  old,  all  rotten:  No.  12,  5  1-2  years  old,  25  percent 
sound;  No.  28,  16  years  old,  9  percent  sound;  No.  72,  6  1-2  years  old, 
64  percent  sound  with  catalpa  No.  8,  31  years  old,  88  percent  sound; 
No.  13,  15  years  old,  86  percent  sound;  No.  22,  25  years  old,  67  per- 
cent sound.  Compare  locust  No.  4,  6  1-2  years  old,  82  percent 
sound  with  locust  No.  9,  21  pears  old,  91  percent  sound.  See 
Plates  m,  IV,  V,  VI  and  Vn. 

7.  There  is  some  evidence  that  it  is  riot  a  good  time  to  cut  posts 
just  as  the  tree  begins  to  grow  in  early  spring.  This  was  noticed 
especially  in  catalpa  fences  Nos.  12  and  25  and  to  some  extent  in  a 
number  of  others. 
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8.  The  wood  at  the  center  of  the  tree  is  not  as  good  as  that 
just  inside  the  sap  wood.  This  characteristic  is  very  common  with 
nearly  all  the  varieties  of  timber  examined,  especially  so  with  the 
locust,  the  white  cedar,  the  hardy  catalpa,  and  the  oaks.  See  Plates 
I  and  II. 

9.  The  quality  of  the  wood  or  the  condition  of  the  wood  fiber  of 
a  post  is  a  very  important  item  in  its  ability  to  endure  in  the  soil. 
In  an  average  lot  of  so-called  first  class  posts  on  the  market,  usually 
a  number  can  be  selected  that  are  defective,  though  they  may 
appear  sound  and  firm.  This  quality  of  post  is  usually  somewhat 
darker  than  the  usual  color,  especially  near  the  center  of  the  tree. 

At  the  State  Experiment  Station  at  Wooster,  Ohio,  there  are  on 
file  the  data  of  every  fence  that  was  examined  in  this  investigation. 
These  data  contain,  among  other  items,  the  name  and  address  of 
the  owner,  the  location  of  the  fence  on  the  farm,  and  the  date  the 
fence  was  examined.  Any  one  who  feels  inclined  to  examine  any  of 
these  fences  that  happen  to  be  in  his  community  can  get  their 
location  by  writing  to  the  Forestry  Department  of  the  Experiment 
Station. 
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The  Bulletins  of  this  Station  are  sent  free  to  all  residents  of  the  State 
who  reqest  them.  When  a  change  of  address  is  desired,  both  the  old  and 
the  new  address  should  be  given.  All  correspondence  should  be 
addressed  to  EXPERIMENT  STATION,  Wooster,  Ohio 


Digitized  by 


Google 


Digitized  by 


Google 


dTtoenti^-mntti  Annual 
iSlepott 


OF  THE 


Ohio  Agricultural  Experiment  Station 


For  the  Tear  ending  June  30^  igio 


Published  by  order  of  the  State  Zjegisiature 


WOOSTBR,  OHIO 

BXPBRIMBNT  STATION  PRBSe 

1910 


Digitized  by 


Google 


/-'."f  — 


(<,.,./'  -^ '"  -  <  '  ■•<' 


Digitized  by 


Google 


ANNOUNCEMENT 

The  Ohio  Agricultural  Experiment  Station  is  organized  under  an  act  of  the 
General  Assembly  of  Ohio,  passed  April  17,  1882,  and  supplemented  by  an  act 
of  Congress,  approved  March  2,  1887. 

WHAT  THE  STATION  CAN  DO 

The  Station  offers  its  advice  and  assistance  to  the  farmers  of  Ohio  along 
the  following  lines: 

The  maintenance  of  soil  fertility,  including  the  rotation  of  crops  and  the 
selection  and  use  of  manures  and  fertilizing  materials. 

The  selection  of  varieties  of  grains,  grasses  and  forage  crops  and  methods 
of  culture. 

The  selection  of  varieties  of  fruits  and  vegetables  and  the  management  of 
orchards. 

The  examination  of  seeds  that  are  suspected  of  t>eing  unsound  or  adulter- 
ated; the  identification  of  grasses,  weeds  and  other  plants;  the  prevention  of 
fung'ous  diseases  of  plants. 

The  identification  of  insects  and  the  control  of  such  as  are  injurious. 

The  feeding  of  animals,  including  calculation  of  rations  and  use  of  various 
feeding*  stuffs. 

The  planting  and  care  of  forest  trees  and  the  management  of  farm  woodlots. 

WHAT  THE  STATION  CANNOT  BO 

The  Station  is  not  prepared  to  analyze  commercial  fertilizers  and  feeding 
stuffs,  as  in  Ohio  that  work  is  placed  in  charge  of  the  Secretary  of  the 
State  Board  of  Agriculture,  at  Columbus,  to  whom  all  requests  for  such 
analyses  should  be  addressed. 

The  Station  is  not  prepared  to  give  advice  respecting  treatment  of  contag- 
ious diseases  of  animals,  that  function  having  been  transferred  to  the  State 
Board  of  Agriculture  in  its  capacity  of  State  Live  Stock  Commission. 
Requests  for  such  advice  should  be  addressed  to  Secretary,  State  Live 
Stock  Commission,  Department  of  Agriculture,  Columbus,  Ohio. 

The  Station  is  not  prepared  to  examine  animals  suspected  of  having  been 
pK>isoned.     Such  examinations  should  be  referred  to  the   nearest   Veterinarian. 

The  Station  is  not  prepared  to  make  ofificial  insp>ection  of  orchards  and 
nurseries  under  the  law  requiring  such  inspection,  that  work  having  been 
transferred  to  the  State  Board  of  Agriculture  to  whose  Secretary,  Colum- 
bus, requests  for  such  inspection  should  be  addressed. 

The  Station  is  not  prepared  to  examine  foods,  drugs  and  dairy  products 
suspected  of  adulteration,  as  that  work  is  in  charge  of  the  Ohio  Dairy  And 
Food  Commissioner  whose  office  is  at  Columbus. 

The  Station  is  not  prepared  to  analyze  drinking  water;  requests  for  such 
analysis  should  be  addressed  to  the  Secretary  of  the  State  Board  of 
Health,  Columbus. 

Visitors  to  the  Station  or  its  various  test  farms  are  welcome  at  all  times 
during  business  hours.  Persons  or  parties  who  contemplate  such  visits  and 
who  desire  special  attention  are  requested  to  write  in  advance,  giving  date  of 
proposed  visit  and  probable  number  of  party. 

Any  citizen  of  Ohio  has  the  right  to  apply  to  the  Station  for  such  assistance 
as  it  can  give,  and  all  such  requests  will  receive  prompt  attention. 

The  Bulletins  of  this  Station  are  sent  free  to  all  residents  of  the  State  who 
request  them. 

Address  all  communications  to 

Experiment  Station, 

Wooster,  Ohio. 
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REPORT  OF  THE  BOARD  OF  CONTROL 


To  His  Excellency^  Judson  Harmon,   Governor  of  Ohio: 

Sir:  I  have  the  honor  of  submitting:  herewith  the  twenty-ninth 
annual  report  of  the  Ohio  Agrricultural  Experiment  Station,  for  the 
year  ended  June  30,  1910. 

STATE  APPROPRIATIONS 

'  The  following"  sums  were  appropriated  by  the  last  General 
Assembly  for  the  support  of  the  Station  during  the  current  fiscal 
year: 

For  Department  of  Administration $26,300 

**  Agronomy 16,475 

**  Animal   Husbandry 15,000 

"  Botany  10,900 

**  Chemistry 3,700 

"  Cooperative  Experiments 20,470 

•*  Dairy  Husbandry 8,000 

**  Entomology 5,000 

"  Forestry 10,000 

**  Horticulture    10,950 

"  Nutrition 4,000 

"  Soils 10,500 

**         Furniture  and  Carpets 500 

•*         Improvement  of  Road 500 

"         Completing-  Nutrition  Building 17,000 

•*         Extension  of  Power  House 3,000 

••         Purchase  of  land 4,000 

Total $166,295 

These  appropriations  provide  for  extension  of  work  along" 
several  lines,  including  the  establishment  of  a  new  department,  that 
of  Dairy  Husbandry,  the  need  for  which  was  emphasized  in  our  last 
annual  report.     This  department  will  be  organized  at  once. 

The  appropriations  provide  for  the  completion  of  the  building: 
for  the  work  of  the  Department  of  Nutrition,  for  which  an  appro- 
priation of  $5,000  was  made  by  the  previous  Assembly.  This 
building  will  include  an  abattoir  and  cold  storage  facilities  of  suffic- 
ient extent  to  accommodate  the  Departments  of  Animal  Husbandry, 
Dairy  Husbandry  and  Horticulture,  as   well   as  that  of  Nutrition. 
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Three  thousand  dollars  is  provided  for  extension  of  the  Power 
House  and  four  thousand  for  the  purchase  of  land,  which  will  be 
expended  in  the  purchase  of  a  lot  near  the  Station  grounds  on  which 
stands  a  largfe  dwelling  which  will  be  used  temporarily  for  office 
purposes,  the  present  offices  having  become  so  crowded  that  addi- 
tional room  for  this  purpose  is  absolutely  necessary.  This  dwellingr 
is,  of  course,  ill  adapted  to  office  purposes,  while  it  is  urgently 
needed  by  the  Station  for  residence  purposes,  as  is  shown  by  the 
fact  that  of  the  70  persons  employed  in  the  Station  offices,  60  are 
compelled  to  find  homes  in  town,  from  one  to  two  miles  from  their 
work.  This,  of  course,  would  not  be  a  serious  matter  if  there  were 
a  street  car  line  with  frequent  service  between  the  Station  and  town, 
but  there  is  no  such  line.  The  Station  now  owns  seven  dwellings 
on  the  central  farms,  which  are  rented  to  employes  at  rates  that 
bring  in  a  fair  interest  on  their  value.  It  could  use  two  or  three 
times  this  many  with  a  saving  to  the  State  much  more  than  equiva- 
lent to  their  rental  value.  The  most  urgent  need  of  the  Station, 
however,  is  for  larger  office  and  laboratory  facilities,  and  we  renew 
our  request  for  the  following  buildings: 

1.  An  addition  to  the  administration  building,  to  provide  new 
quarters  for  the  Department  of  Agronomy,  Horticulture  and 
Forestry,  and  to  permit  the  extension  within  the  present  building 
of  the  botanical  and  entomological  laboratories.  This  addition  will 
necessarily  be  built  of  stone  and  in  fireproof  construction. 

2.  A  chemical  laboratory  of  sufficient  capacity  to  bring  under 
one  roof  the  two  laboratories  now  in  operation,  thus  facilitating 
economy  in  equipment  and  operation,  and  releasing  the  present 
rooms  for  other  purposes  to  which  they  are  better  adapted  and  for 
which  they  are  much  needed.  The  laboratory  should  be  of  fireproof 
construction. 

THE  GERMANTOWN  TEST  FARM 

In  the  spring  of  1902  provision  was  made  by  the  General  Assem- 
bly in  the  appropriations  to  the  Experiment  Station  for  the  estab- 
lishment of  a  sub-station  or  test  farm,  to  be  located  in  the  Miami 
Valley,  and  to  have  as  one  of  its  chief  lines  of  work  the  study  of 
problems  relating  to  the  culture  of  tobacco. 

The  Board  of  Control  visited  this  region  and  selected  a  tract  of 
S3  acres,  lying  less  than  a  mile  east  of  Germantown,  Montgomery 
county,  and  since  included  within  the  corporate  limits  of  that 
municipality.  This  tract  was  purchased  by  the  President  of  the 
Tobacco  Growers'  Union,  of  Germantown,  and  leased  to  the  Experi- 
ment Station  for  ten  years  at  an  annual  rental  of  six  percent  on  the 
purchase  price,  giving  the  Station  the  option  of  taking  over  the  land 
at  any  time  during  the  10-year  period  on  payment  of  the  original 
purchase  price. 
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This  land  proves  to  be  admirably  adapted  to  the  work,  and 
the  experiments  which  were  be^fun  on  it  in  1903,  and  which 
include  not  only  the  culture  of  tobacco,  but  also  of  corn,  wheat  and 
clover,  are  yielding"  results  of  very  gfreat  value  to  the  agriculture  of 
that  region.  As  the  option  on  this  land  will  expire  September  30th, 
1912,  and  as  the  land  is  now  worth  much  more  than  the  option  price, 
this  option  should  be  closed  and  the  land   purchased  by  the  State. 

Work  of  this  kind  is  cumulative  in  character.  One  season^s 
results,  standing  alone,  have  but  little  value;  a  number  of  seasons, 
with  their  varying  climatic  conditions,  must  be  passed  through 
before  conclusions  can  safely  be  drawn,  and  even  after  10  years' 
work  it  is  to  be  expected  that  succeeding  seasons  will  bring  new 
developments,  as  is  already  being  shown  in  the  older  tests  at  the 
Central  Station.  To  discontinue  this  work  now,  therefore,  would 
mean  the  loss  of  a  large  part  of  what  has  been  accomplished. 

COUNTY  EXPERIMENT  FARMS. 

A  bill  introduced  by  Hon.  George  M.  Wilber,  of  Union  County, 
has  become  a  law  in  the  following  form: 

AN  ACT 

To  supplement  section  1165  by  the  enactment  of  sections 
1165-1,  1165-2,  1165-3,  1165-4,  1165-5,  1165-6, 
1165-7,  1165-8,  1165-9,  1165-10,  1165-11,  1165-12 
and  1165-13  to  authorize  the  establishment  of 
county  experiment  farms. 
Be  it  enacted  by  the  General  Assembly  of  the  State  of  Ohio: 

Section  1.  That  section  1165  of  the  General  Code  be  supplemented  by  the 
enactment  of  sections  1165-1,  1165-2,  1165-3,  1165-4,  1165-5,  1165-6,  1165-7,  1165-8, 
1165-9,  1165-10,  1165-11,  1165-12  and  1165-13  to  read  as  follows: 

Sec.  1165-r.  In  order  to  demonstrate  the  practical  application  tmder  local 
conditions  of  the  results  of  the  investigations  of  the  Ohio  Agricultural  Experi- 
ment Station,  and  for  the  purpose  of  increasing  the  effectiveness  of  the 
agriculture  of  the  various  counties  of  the  state,  the  commissioners  of  any  county 
in  the  state  are  hereby  authorized  and  empowered  to  establish  an  experiment 
farm  within  such  county  as  hereinafter  provided  for. 

Sec.  1165-2  The  experiment  farms  established  under  this  act  shall  be  used 
for  the  comparison  of  varieties  and  methods  of  culture  of  field  crops,  fruits  and 
garden  vegetables;  for  the  exemplification  of  methods  for  controlling  insect 
pests,  weeds  and  plant  diseases;  for  experiments  in  the  feeding  of  domestic 
animals  and  in  the  control  of  animal  diseases;  for  illustrations  of  the  culture  of 
forest  trees  and  the  management  of  farm  woodlots;  and  for  the  demonstration  of 
the  effects  of  drainage,  crop  rotation,  manures  and  fertilizers,  or  for  such  part 
of  the  above  lines  of  work  as  it  may  be  practicable  to  carry  on. 

Sec.  1165-3.  Upon  the  filing  of  a  petition  with  the  county  auditor  signed  by 
not  less  than  five  per  cent,  of  the  electors,  based  upon  the  vote  for  governor  at 
the  last  preceding  election,  residing   within    the   county,    the   commissioners  of 
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such  county  shall  submit  to  the  qualified  voters  of  such  county  a  proposition  to 
establish  an  experiment  farm  within  such  county,  and  to  issue  notes  or  bonds 
for  the  purchase  and  equipment  of  such  farm,  such  proposition  to  be  voted  upon 
at  the  next  general  election  following  the  receipt  of  the  petition  by  the  commis- 
sioners. Notice  of  the  intention  to  submit  such  proposition  shall  be  published 
by  the  county  commissioners  in  two  newspapers  of  opposite  politics  printed  and 
of  general  circulation  in  said  county,  for  at  least  four  weeks  prior  to  the 
election  at  which  the  proposition  is  to  be  voted  upon,  together  with  a  statement 
of  the  maximum  amount  of  money  which  it  is  proposed  to  expend  in  the  purchase 
and  equipment  of  such  farm. 

Sec.  1165-4.  The  county  auditor  shall  file  a  written  request  with  the  board 
of  deputy  supervisors  of  elections  asking  for  the  'preparation  of  the  necessary 
ballots,  which  ballots  shall  be  separate  and  apart  from  all  other  ballots,  and 
which  ballots  shall  have  printed  thereon  "Tax  for  experiment  farm — yes"; 
"Tax  for  experiment  farm — no**.  The  result  of  such  election  shall  be  ascer- 
tained by  the  board  of  deputy  supervisors  of  elections  and  the  result  thereol 
certified  to  the  county  auditor. 

Sec.  1165-S.  If  a  majority  of  the  electors  voting  on  such  proposition  in  the 
county,  are  in  favor  of  establishing  such  experiment  farm,  then  the  commis- 
sioners of  the  county  shall  levy  a  tax  on  all  the  taxable  property  in  such  coontj 
as  listed  for  taxation  on  the  county  duplicate,  which  levy  shall  not  exceed  ooe- 
fifth  of  one  mill  on  the  dollar  of  the  taxable  property  of  the  county  in  any  one 
year,  nor  shall  the  aggregate  of  all  levies  for  such  purpose  exceed  two  mills  on 
the  dollar. 

Sec.  1165-6.  To  anticipate  the  collection  of  the  tax  authorized  by  this  act 
and  the  use  of  the  money  to  be  raised  thereby,  the  commissioners  are  berebj 
authorized  and  required  to  issue  the  notes  or  bonds  of  their  county,  such  notes 
or  bonds  to  bear  interest  at  a  rate  not  to  exceed  six  per  cent,  per  annum,  and 
not  to  run  to  exceed  ten  years,  and  not  to  be  sold  for  less  than  their  par  value, 
and  the  proceeds  of  the  sale  thereof  shall  be  deposited  in  the  county  treasury,  to 
be  applied  by  the  commissioners  to  the  purchase  and  equipment  of  an  experi- 
ment farm,  containing  eighty  acres  or  more,  as  hereinafter  provided  for. 

Sec.  1165-7  When  the  funds  provided  for  in  this  act  are  deposited  in  the 
county  treasury,  the  commissioners  shall  notify  the  board  of  control  of  the  Ohio 
Agricultural  Experiment  Station  of  their  action,  on  receipt  of  which  notice  it 
shall  be  the  duty  of  said  board  of  control  to  visit  the  county  and  assist  in  the 
selection  of  a  farm  to  be  used  for  the  purpose  specified  in  this  act,  provided 
that  no  farm  shall  be  purchased  except  with  the  approval  of  the  majority  of  the 
members  of  said  board  of  control  and  also  of  a  majority  of  the  board  of  countr 
commissioners  of  the  county. 

Sec.  1165-8.  The  equipment  of  an  experiment  farm  shall  consist  of  such 
buildings,  drains,  fences,  implements,  live  stock,  stock  feed  and  teams  as  shall 
be  deemed  necessary  by  the  board  of  control  of  the  experiment  stationr  for  the 
successful  work  of  such  farm,  and  the  initial  equipment  shall  be  provided  br 
the  county  in  which  the  farm  is  established,  together  with  a  sufficient  fund  to 
pay  the  wages  of  the  laborers  required  to  conduct  the  work  of  such -farm  during 
the  first  season.  The  county  commissioners  shall  appropriate  for  the  paymeo: 
of  the  wages  of  laborers  employed  in  the  management  of  such  farms  as  may  be 
established  under  this  act,  and  for  the  purchase  of  supplies  and  materials 
necessary  to  the  proper  conduct  of  such  farms  such  sums  not  exceeding  tiro 
thousand  dollars  annually  for  any  farm,  as  may  be  agreed  upon  between  said 
commissioners  and  the  board  of  contrd  of  the  experiment  station. 
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Sec.  1165-9.  The  management  of  all  experiment  farms  established  under 
authority  of  this  act  shall  be  vested  in  the  director  of  the  Ohio  Agricultural 
Experiment  Station,  who  shall  appoint  all  employees  and  plan  and  execute  the 
work  to  be  carried  on,  in  such  manner  as  in  his  judgment  will  most  effectively 
serve  the  agricultural  interests  of  the  county  in  which  such  farm  may  be 
located,  the  director  and  all  employees  being  governed  by  the  general  rules 
and  regulations  of  the  board  of  control  of  said  Experiment  Station. 

Sec.  1165-10.  Before  entering  upon  any  line  of  investigation  or  demon- 
stration upon  any  of  the  experiment  farms  established  under  this  act,  the 
director  of  the  experiment  station  shall  submit  a  written  plan  of  such  contem- 
plated work  to  an  advisory  board,  consisting  of  the  county  agricultural 
society  of  the  county  in  which  such  experiment  farm  may  be  located,  or  if 
there  be  no  county  agricultural  society,  then  of  the  board  of  county  commis- 
sioners of  such  coimty,  and  if  such  plan  is  not  approved  by  such  advisory 
board,  then  the  work  shall  not  be  undertaken. 

Sec.  1165-11.  The  county  conunissioners  of  any  county  may  assign  to  the 
board  of  control  of  the  Experiment  Station  such  portion  of  any  farm  now 
owned  by  the  county  as  may  be  mutually  agreed  upon  between  the  commis- 
sioners and  the  board  of  control,  the  land  thus  assigned  to  be  occupied  and 
used  by  the  experiment  station  for  the  purpose  specified  in  this  act  and  under 
the  management  of  the  director  of  the  station. 

Sec.  1165-12.  The  produce  of  each  of  such  experiment  farms  as  may  be 
established  under  this  act,  over  and  above  that  required  for  the  support  of 
the  teams  and  live  stock  kept  on  the  farm,  shall  be  sold  and  the  proceeds 
applied  to  the  pa3mient  of  the  labor  and  to  the  purchase  of  the  supplies  and 
materials  required  for  the  proper  management  of  the  farm  as  contemplated 
by  this  act,  and  for  the  maintenance  of  its  equipment.  Any  surplus  beyond 
these  requirements  shall  be  covered  into  the  county  treasury  and  placed  to 
the  credit  of  the  general  fund  of  the  county,  except  in  case  of  the  use  of  farms 
already  belonging  to  the  county,  in  which  case  the  proceeds  shall  be  placed 
to  the  credit  of  such  fund  as  the  county  commissioners  may  desrgtiate. 

Sec.  1165-13.  In  case  the  experiment  station  shall  cease  to  use  for  the 
purposes  herein  specified  any  farm  established  under  this  act,  such  farm  and 
its  equipment  shall  be  sold  at  public  auction  to  the  highest  bidder  after  notice 
of  such  proposed  sale  shall  have  been  published  for  four  consecutive  weeks 
in  two  newspapers  of  opposite  politics,  once  a  week,  published  in  and  having 
the  largest  circulation  in  the  county  within  which  the  farm  is  located,  and 
the  proceeds  of  such  sale  shall  be  covered  into  the  county  treasury,  the  sums 
thus  covered  to  be  placed  to  the  credit  of  the  school  funds  of  the  county. 

Granville  W.  Mooney, 

Speaker  of  the  House  of  Representives. 
Francis  W.  Treadway, 

President  of  the  Senate. 

Passed  April  13,  1910. 
Approved  April  23,  1910. 

JUDSON  Harmon,  Governor. 


Digitized  by 


Google 


ANNUAL  REPORT 

This  law,  it  will  be  observed,  is  wholly  optional  in  character 
merely  providing"  a  way  by  which  the  counties  may  inaugfurate 
local  demonstrations  of  the  results  which  are  being:  worked  out  at 
the  central  Station,  and  by  which  local  problems  and  conditions  may 
be  more  efficiently  and  thoroughly  studied  by  the  Station. 

It  is  proper  to  state  that  this  measure  did  not  originate  with  the 
Experiment  Station,  but  with  a  sub-committee  of  the  Finance 
Committee  of  the  House  of  Representatives,  of  which  Mr.  Wilber 
was  a  member,  on  their  visit  to  the  Station  to  inquire  into  its  work 
and  needs. 

PERSONNEL 

The  term  of  office  of  Dr.  W.  I.  Chamberlain  having  expired, 
Hon.  Joseph  D.  Guthery,  of  Marion  County,  was  appointed  to 
succeed  him. 

At  the  annual  meeting  of  the  Board,  held  in  March,  the  follow- 
ing organization  was  affected:     President,  John  Courtright;  Secre- 
tary, Henry  L.  Goll;  Treasurer,  D.  L.  Sampson. 
Respectfully  submitted, 

Henry  L.  Goll, 

Secretary  of  the  Board  oj  Control. 


Digitized  by 


Google 


REPORT  OF  THE  BURSAR. 


Mr.  John  CouRTiaGHT,  President  of  the  Board  of  Control: 

Dear  Sir:  I  respectfully  submit  herewith  the  financial  report 
of  the  Station  for  the  fiscal  year  ending  June  30,  1910. 

In  statements  A,  B,  C,  D  and  E,  respectively,  will  be  found  a 
record  of  receipts  and  expenditures  from  the  various  funds; 
statements  A  and  B  being*  statements  of  account  with  the  appro- 
priations received  from  the  U.  S.  Treasury  and  a  copy  of  the  report 
made  to  the  Governor  of  the  State,  the  U.  S.  Secretary  of  Agri- 
culture, and  the  Secretary  of  the  U.  S.  Treasury:  statment  C 
beingr  a  statement  of  account  with  the  State  Treasury,  and  state- 
ment D  showing  the  receipts  from  farm  produce  and  other  sources 
and  the  expenditures  from  that  fund. 

The  four  statements,  A,  B,  C,  and  D.  are  combined  in  statement 
E,  which  shows  the  total  income  and  expenditures  for  the  fiscal  year. 

STATEMENT  A 

Hatch  Fund 

Thk  Ohio   Agricultural    Experiment    Station    in    account    with    the 

United  States  appropriation  under  the  Hatch  Act 

FOR    1909-1910. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States,  as 
per  appropriation  for  the  fiscal  year  ending  June  30, 
1S)10,  as  per  act  of  Congress  approved    March  2,  1887 $  15,000.00 

Cr. 

"By  expenditures  for: — 

Salaries $13,857.50 

Publications 260.00 

Postage  and  stationery 100.17 

Traveling  expenses 17.33 

Contingent  expenses 15.00 

Buildings  and  repairs 750.00 

Total $  15,000.00 


XI 
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STATEMENT  B 
Adams  Fund 

The  Ohio    Agrictjltitral    TSxperiment    Station    in    accotjnt    with    tbcb 

United  State3   appropriation  under  the  Adams  Act 

FOR  1909-1910 

Dr, 

To  receipts  from  the  Treasurer  of  the  United  States,  as 
per  appropriation  for  the  fiscal  year  ending-  June  30, 
1910,  as  per  act  of  Congress,  approved  March  16, 1906 $  13,000.00 

Cr, 

By  expenditures  for::— 

Salaries $9,765.00 

Labor .• 367.32 

Chemical  supplies 717.50 

Seeds,  plants  and  sundry  supplies  15.29 

Library 66.43 

Scientific  apparatus 1,144.32 

Live  stock 193.00 

Traveling"  expenses 81.78 

Building  and  repairs 649.36 

Total 777777777777  $  13,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corporation,  do  here  by- 
certify  that  we  have  examined  the  books  and  accounts  of  the  Ohio  Agricultural 
Experiment  Station  for  the  fiscal  year  ended  June  30,  1910,  that  we  have  foucid. 
the  same  well  kept  and  classified  as  above;  that  the  receipts  for  the  year  from 
the  Treasurer  of  the  United  States  are  shown  to  have  been  $15,000.00  under  tlie 
act  of  Congress  of  March  2,  1887,  and  $13,000.00  under  the  act  of  Congress  of 
March  16,  1906,  and  the  corresponding  disbursements  $15,000.00  and  $13,000.00; 
for  all  of  which  proper  vouchers  are  on  file  and  have  been  examined  and  found 
correct. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the 
purposes  set  forth  in  the  acts  of  Congress  approved  March  2,  1887,  and  March 
16,  1906,  and  in  accordance  with  the  terms  of  said  acts,  respectively. 

Signed: 

Joseph  D.  Guthery, 
D.  L.  Sampson, 

Auditors. 
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STATEMENT  C 

Stat€  Appropriations 

Phe   Ohio    Agricultural   Experiment    Station  in    account  with   the 

State  Treasury 


5!  0 


1910 


1909 


Appropriation  for: — 


Administration 

Furniture  and  Carpets 

Agronomy 

Animal  Husbandry , 

Botany 

Cooperative  Experiments , 

Entomology 

Forestry 

Soils 

Chemistry , 

Horticulture 

Nutrition 

Dairy  Husbandry 

Completing  Nutrition  Building 

Purchase  of  land 

States  share  of  assessment ) 

for  road  construction       f    ' 
Extension  of  Power  House 


Totals  for  1910 . 


Administration 

Agronomy 

Animal  Husbandry 

Botany 

Cooperative  Experiments 

Entomology 

Forestry 

Soils 

Furniture  and  Carpets. . . 

Chemistry 

Horticulture 

Nutrition 


Totals  for  1909  and  1910  . 


Total 
amount  to 
Station^s 

credit 


26,300. 
500, 
16,475. 
15,000, 
10,900, 
20,470, 

5,000, 
10,000, 
10,500, 

3,700. 
10,950. 

4,000. 

8,000. 
17,000, 

4,000. 


500.00 
3,000.00 


$166,295.00 

$  15,203.79 
8,302.01 

12,249.06 
4,066.39 

11,379.94 
5.551.24 
6,847.98 
4,115.94 
857.80 
3,180.62 
7,673.72 
7,925.60 


$253,649.09 


Total 

amount 

expended 


$    5,084.81 

3,194.34 
3,970.52 
1,711.24 
6,162.55 
765.14 
2,339.42 
2,963.16 

2,648.68 
61.15 


$  28,901.01 

$  15,203.79 
8,302.01 

12,249.06 
4,066.39 

11,379.94 
5,551.24 
6,847.98 
4,115.94 
426.53 
2,454.73 
7,673.72 
3,189.48 


$110,361.82 


Balance  in 

treasury 

June  30, 

1910 


21,215.19 
500.00 

13,280.66 

11,029.48 
9,188.76 

14,307.45 
4,234.86 
7,660.58 
7,536.84 
3,700.00 
8,301.32 
3,938.85 
8.000.00 

17,000.00 
4,000.00 

500.00 
3,000.00 


$137,393.99 


431.27 
725.89 

4,736.12 


S143,287.27 
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STATEMENT   D 

Produce  Fund 

The  Ohio    Agricultural    Experiment    Station    in    account    with    the 

Produce  Fund 

Dr. 

To  Receipts 

From  Department  of  Administration $     800.50 

**  Agronomy 1,369.61 

**  Animal  Husbandry 7,199.90 

•*  Botany .70 

**  Cooperative  Experiments 2,246.78 

**  Entomology 37.60 

••  Forestry 177.26 

'•  Horticulture 3,741.42 

*•  Nutrition 365.77 

**  Soils 2,019.71 

Total  receipts  for  the  year $  17,959.25 

To  balance  brought  forward  July  1,  1909 5,973,26 

Total $  23,932.51 


Cr. 

By  Expenditures 

For  Salaries  $  2,533.34 

Labor 2,262,83 

Postage  and  stationery 285.67 

Freight  and  express 451.35 

Heat,  light,  water  and  power 323.02 

Chemical  supplies 225.03 

Seeds,  plants  and  sundry  supplies 1,412.40 

Fertilizers  . . .' 32.50 

Feeding  stuffs 3,592.69 

Library 56,35 

Tools,  implements  and  machinery 1,674.82 

Scientific  apparatus 15.25 

Live  stock 3,237.16 

Traveling  expenses 1,192.61 

Contingent  expenses 306.83 

Buildings  and  repairs 4,121,08 

Total  expenditures  for  the  year $  21,722.93 

By  balance  carried  forward 2,209.58 

Total $  23  932.51 
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STATEMENT  E 

Totals 

Total  Receipts  and  Expenditures  of  the   Ohio  Agricultural   Experi- 
ment Station  for  the  year  ending  June  30,  1910. 

Dr, 

Total  Receipts 

From  United  States  Appropriations $    28,000.00 

* '      State  appropriations 166,295.00 

*'      Produce  Fund 17,959,25 

Total  receipts  for  the  year $  212,254.25 

To  balance  brought  forward  July  1,  1909 93,327.35 

Totals %  305,581.60 

O. 

By  Expenditures 

For  Salaries $  55,443.89 

Labor 31,882.12 

Publications 7,778.80 

Posta^^e  and  stationery 1,722.65 

Freig-bt  and  express 2,774.65 

Heat,  light,  water  and  power 2,659.98 

Chemical  supplies 2,636.89 

Seeds,  plants  and  sundry  supplies 8,097.38 

Fertilizers 1,020.69 

Feeding  stuffs 6,121.65 

Library 855.13 

Tools,  implements  and  machinery 6,592.46 

Furniture  and  fixtures 426.53 

Scientific  apparatus 3,206.70 

Live  stock 8,085.67 

Traveling  expenses 9,289.69 

Contingent  expenses 613.77 

BuildingB  and  repairs 10,876.10 

Total  expenditures  for  the  year $  160,084.75 

By  balance  carried  forward 145,496.85 

Total $  305,581.60 

Respectfully  submitted, 

W.  H.  Kramer,  Bursar, 
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Hon.  John  Courtright,  President  of  the  Board  of  Control: 

Sir:  I  have  the  honor  of  submitting'  the  following  report  of  the 
work  of  this  Station  for  the  year  ended  June  30, 1910. 

THE  STATION'S  WORK 

In  gfeneral  the  work  of  the  Station  has  followed  closely  along-  the 
lines  described  somewhat  in  detail  in  my  last  report. 

The  principal  features  of  the  work  of  the  year  have  been  as 
follows: 

AGRONOMY 

Varietal  and  cultural  work.  The  work  of  the  Agronomy 
department  is  being-  continued  along  lines  similar  to  those  of  last 
year  with  the  following-  field  crops:  Alfalfa,  clover,  corn,  cowpeas, 
special  forage  crops,  meadow  grasses,  oats,  soybeans  and  wheat. 
This  work  includes  the  testing  of  old  and  new  varieties;  the  testing- 
of  methods,  rates  and  times  of  seeding,  and  the  improvement  of 
existing  varieties  by  plant  selection  and  breeding. 

In  the  testing  of  varieties  some  25  different  sources  of  alfalfa 
seed  are  being  studied;  35  varieties  of  corn,  25  of  which  are  pedi- 
g-reed  strains  developed  in  our  ear-row  breeding;  4  varieties  of  field 
peas;  10  species  of  grasses;  60  varieties  of  oats  in  tenth-acre 
plots  and  74  in  hundredth-acre  plots;  51  varieties  of  soybeans,  34  of 
which  are  superior  pure  line  selections  in  hundredth-acres. 

In  the  study  of  methods  of  seeding,  work  is  being-  carried  on 
with  alfalfa,  clover,  corn  and  oats.  In  rate  of  seeding,  with  alfalfa, 
corn,  oats,  soybeans  and  wheat.  On  the  best  time  of  seeding,  with 
alfalfa,  corn  oats  and  wheat.  On  the  relation  of  size  and  weight  of 
seed  to  yield,  with  oats  and  wheat. 

Crop  improvement  work.  In  this  work  130  strains  of  alfalfa 
are  being  propagated  from  seed  from  as  many  different  plants;  245 
strains  of  red  clover;  100  strains  of  corn;  569  strains  of  oats;  125 
strains  of  soybeans  and  1560  strains  of  wheat. 

The  work  in  crop  improvement  is  oldest  with  corn.  Pedigreed 
strains  have  been  developed  which  are  thus  far  yielding  5  to  14  bush- 
els per  acre  more  than  than  the  original  varietes  from  which  they 
have  been  selected  and  bred;  pedigreed  strains  of  oats  and  wheat 
are  yielding  3  to  6  bushels  in  advance  of  original  stock,  and  of  soy- 
beans, 2/^  to  6  bushels. 
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In  studies  in  corn  of  the  relation  of  prominent  ear  characters  to 
yield,  evidence  is  accumulating  showing  that  the  use  of  seed  ears  of 
less  than  normal  lengfth  for  a  given  variety  or  locality  v^rill  reduce  the 
yield,  and  that  the  continuous  use  of  ears  having:  an  inch  to  an  inch 
and  a  half  of  bare  cob  at  the  tip  decreases  the  yield  of  shelled  corn  per 
acre.  In  other  words  this  character  seems  to  be  hereditary;  that 
ears  comparatively  smooth  in  indentation — merely  crease  dented, 
are  somewhat  superior  in  yield  to  very  rough-dented  ears;  that  when 
the  conditions  of  growth  are  equal,  and  the  ears  compared  are  equal 
in  maturity,  weight  of  ear  is  a  partial  guide  in  the  selection  of  pro- 
ductive seed,  and  that  shape  of  ear  as  regards  cylindricity  is  a 
matter  of  less  importance  than  the  above  mentioned  characters. 

New  work.  Milling  and  baking  tests  of  the  Station's  different 
varieties  and  selections  of  wheat  are  now  in  progress.  These  tests 
are  showing  interesting  variations  and  will  prove  of  value  to  the 
State  when  they  have  been  confirmed  by  repeated  tests  made  during 
several  different  seasons. 

Cooperative  work.  Cooperative  work  is  being  carried  on  by 
farmers  in  several  counties  of  the  State  in  the  testing  of  corn,  soy- 
beans, oats  and  wheat.  It  is  proposed  to  extend  this  work  very 
largely. 

A  study  of  two  systems  of  farming,  one  with,  the  other  without 
livestock,  has  been  inaugurated. 

ANIMAL  HUSBANDRY  AND  DAIRYING 

The  lines  of  work  reported  upon  last  year  are  being  continued. 
A  study  of  the  various  proportions  of  grain  and  roughage  in  the 
ration  for  beef  production  has  been  begun,  and  in  the  use  of  various 
roughages  for  mutton  production. 

New  work.  Studies  in  wool  production  have  been  begun.  This 
work  will  be  prosecuted  from  the  standpoints  of  both  the  wool  pro- 
ducer and  and  the  textile  worker. 

Experiments  in  pasture  improvement  have  been  undertaken  at 
the  Central  Station  and  the  Southeastern  Test-farm,  which  it  is 
hoped  to  extend  to  other  sections  of  the  State. 

Work  with  poultry  has  been  begun  on  a  limited  scale  at  the 
Southeastern  Test-farm.  It  is  planned  to  extend  this  work  as  fast 
as  the  Station's  resources  will  permit. 

Buildings.  During  the  past  year  a  much  needed  swine  barn 
has  been  erected,  and  the  barn  occupied  by  the  breeding  and  dairy 
cattle  has  been  so  altered  and  repaired  as  to  make  it  more  sanitary 
and  convenient.  Funds  are  now  available  for  erecting  a  storage  and 
sheep  barn  at  the  Southeastern  Test-farm. 

The  last  General  Assembly  having  made  provision  for  a  Depart- 
ment of  Dairying,  the  Department  of  Animal  Husbandry  will  here- 
after include   the   production  of  meat  and  wool  and  the  feeding  of 
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When  the  Department  of  Dairying"  is  organized  the  manag'ement 
of  the  dairy  cattle  will  be  transfered  to  this  department. 

BOTANY 

Three  separate  lines  of  work  are  included  in  the  Department  of 
Botany,  namely:  I — Examination  of  seeds  for  purity  and  gferminabil- 
ity,  and  identification  of  weeds,  with  sugfgestions  for  their  control, 
n — the  investigation  of  plant  diseases  and  of  methods  for  their  con- 
trol, and  III — Plant  breeding  work  with  tobacco. 

Seeds  and  weeds.  About  425  samples  of  seeds  have  been  tested 
during  the  year  for  purity,  and  germinatian  tests  have  been  made  of 
about  200  samples.  An  effort  is  made  to  identify  such  seed  impur- 
ities as  the  dodders  and  plantains  in  clover  and  alfalfa  and  to  detect 
the  adulteration  of  seeds  with  inferior  varieties.  It  is  hoped  that 
this  work  may  be  placed  by  law  with  the  State  Department  of  Agri- 
culture under  a  gfeneral  provision  for  seed  inspection  and  control. 
Numerous  collections  of  weed  seeds  made  by  pupils  in  country- 
schools  have  been  identified. 

Weed  spraying.  In  1909  some  preliminary  work  was  done  in 
this  method  of  weed  control  with  encouraging  results,  and  the  last 
General  Assembly  has  increased  the  appropriations  to  this  depart- 
ment of  the  Station  by  $1000,  to  be  used  in  further  investigfations 
along  this  line.  Preparations  are  being  made  to  give  this  method  a 
thorough  test  during  this  season. 

Plant  diseases.  This  phase  of  the  work  of  the  department 
includes  several  more  or  less  separate  lines  of  work.  During  the 
past  two  years  the  diseases  of  the  cereals  have  received  special  atten- 
tion. The  bacterial  blight  of  oats,  which  caused  such  a  loss  in  this 
crop  of  1907  and  1908,  is  reported  upon  in  Bulletin  210.  Some  diseases 
in  corn  and  greenhouse  crops,  truck  crops  and  fruits,  are  now  under 
investigation,  both  through  laboratory  investigations  at  the  Station 
and  by  field  experiments  in  cooperation  with  fruit  g-rowers  and 
truck  gardeners. 

Diseases  of  forest  and  shade  trees.  Special  provision  was  made 
for  this  work  in  the  appropriations  for  the  current  year,  and  it  is 
being  undertaken  in  cooperation  with  the  Forestry  Department  of 
the  Station. 

Plant  breeding.  For  some  years  the  Department  of  Botany  has 
carried  on  work  in  the  hybridizing  of  wheat  and  oats.  A  few  hybrids 
obtained  in  this  way  are  being  tested  out  at  the  Station  and  on  the 
outlying  test  farms.  The  principal  part  of  the  breeding*  work  of 
this  department  is  being  conducted  on  tobacco,  in  response  to  the 
request  of  the  Tobacco  Growers'  Union,  made  at  the  time  the 
Germantown  Test-farm  was  established.    Several  hundred  tobacco 
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hybrids  are  now  under  investigation,  some  of  which  are  quite 
promising.  The  Bureau  of  Plant  Industry,  of  the  U.  S.  Department 
of  Agriculture,  has  assigned  a  special  agent,  to  work  during  1910  in 
cooperation  with  this  Station  in  tobacco  investigations. 

CHEMISTRY 

The  Chemical  Department  continues  to  be  chiefly  occupied  in 
studies  of  the  relationship  between  the  chemical  composition  of  soils 
and  crops.  Eighty-five  samples  of  soils,  collected  in  different  parts 
of  the  state,  are  being  subjected  to  complete  chemical  analysis,  both 
the  total  and  acid  soluble  constituents  being  determined.  In  con- 
nection with  this  work  crops  grown  under  different  treatments  are 
being  analyzed.  This  work  is  bringing  out  the  differences  in  composi- 
tion between  the  soils  of  the  limestone  and  sandstone  areas  of  the 
State,  and  is  showing  that  the  lack  or  abundance  of  phosphorus  in 
the  soil  is  reflected  in  the  crops  produced. 

COOPERATION 

Field  experiments.  The  number  of  cooperative  field  experi- 
ments being  conducted  this  year  is  somewhat  smaller  than  in  years 
past,  and  effort  is  being  made  to  restrict  these  experiments  to  such 
as  may  receive  personal  attention  in  the  field  and  may  also  be  part  of 
some  specific  investigation  which  is  being  conducted  either  by  this 
department  or  some  other  department  of  the  Station.  Material  has 
been  supplied  for  such  experiments  with  corn,  alfalfa,  grasses,  soy- 
beans, potatoes  and  other  crops,  and  a  few  fertilizer  experiments 
have  been  started. 

County  fair  exhibits.  The  legislature  has  made  provision  for 
putting  a  third  exhibit  on  the  road  during  the  fair  season,  and 
through  the  courtesy  of  the  Fair  Managers  Association,  good  ship- 
ping routes,  reaching  largely  into  counties  in  which  the  exhibit 
has  not  previously  been  shown,  have  been  worked  out  for  each  of 
the  three  exhibits.  The  State  Railroad  Commission  has  kindly 
arranged  with  the  railroads  for  a  uniform  rating  for  the  shipment 
of  the  exhibit.  In  order  to  assist  in  advertising  it,  a  descriptive, 
illustrated  circular  has  been  issued,  which  will  be  supplied  to  fair 
associations  as  needed. 

Farm  management  investigations.  The  advancing  price  of 
land  and  labor  make  it  increasingly  important  that  close  attention 
be  given  to  the  business  methods  of  the  farm.  The  Station  is 
making  a  study  of  the  systems  of  rotation  and  general  management 
that  are  being  practiced  throughout  the  state,  including  the  several 
sub-divisions  of  farm  work,  such  as  dairying,  poultry  keeping,  etc. 
About  80  dairymen  and  100  poultrymen  are  now  cooperating  with 
the  Station  in  this  work.     On  a  smaller  number  of  farms  all  the 
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enterprises  that  enter  into  their  operation  are  being*  studied  in 
cooperation  with  the  oflBce  of  Farm  Management  Investigations  of 
the  Bureau  of  Plant  Industry,  Q.  S.  Department  of  Agriculture. 

Statistics  of  crop  production.  The  necessary  foundation  on 
which  to  build  a  better  system  of  management  is  the  knowledge  of 
what  is  now  being  done.  To  obtain  this  knowledge  statistics  of  crop 
production  in  the  state  are  collected  annually  by  the  township 
assessors.  Thus  far  these  statistics  have  been  buried  in  the  annual 
reports  of  the  Departments  of  State  and  Agriculture.  The  Statioa 
has  arranged  the  statistics  of  some  of  the  principal  crops  of  the 
State  for  1908  and  1909  in  such  a  manner  as  to  show  the  centers  of 
chief  production  in  the  State,  and  has  arranged  with  the  U.  S.  Bur- 
eau of  Census  for  a  tabulation  by  townships  of  Ohio's  corn  crop,  in 
order  that  comparison  may  be  made  with  the  statistics  collected  by 
the  township  assessors. 

FORESTRY 

Forest  work  at  the  Station.  At  Wooster  the  Forestry  Depart- 
ment has  a  nursery  containing  about  225,000  seedling  trees.  About 
125,000  catalpa,  50,000  locust,  and  20,000  white  ash  seedlings  will  be 
propagated  this  spring.  Aside  from  this  about  15  pounds  of  white 
pine  seed  has  been  sown  and  about  100,000  seedlings  may  be 
expected,  providing  the  season  is  favorable.  There  are  about  10,000 
ornamental  trees  in  the  nursery  rows  which  will  be  tested  under 
various  conditions  in  different  parts  of  the  State. 

Three  native  woodlots  at  the  Station  farm  are  being  recon- 
structed and  considerable  planting  and  Improvement  work  will  be 
done  this  spring  and  next.  DiflFerent  kinds  of  trees  will  be  used  and 
different  distances  of  planting  and  different  mixtures  of  trees  will 
be  tested.  Every  forest  tree  which  gives  promise  of  some  value  and 
seems  adapted  to  the  site  will  be  tried  out.  In  one  of  the  woodlots 
both  practical  and  aesthetic  forestry  will  be  practiced.  That  is, 
useful  forest  trees  will  be  planted  and  yet  combined  and  grouped 
in  such  a  manner  as  to  produce  both  practical  and  aesthetic  results. 

Several  woodlots  are  also  being  reafforested  at  the  Southeastern 
Test-farm,  but  a  serious  loss  has  been  suffered  here  through  fire 
started  from  the  railroad. 

Cooperative  forestry.  From  the  nature  of  the  work  the  greater 
part  of  its  forestry  operations  must  be  carried  on  away  from  the 
Station.  Cooperative  work  consists  of  two  kinds:  first,  with  farmers, 
and  second,  with  state  and  municipal  institutions.  The  latter,  in 
most  cases,  is  more  satisfactory,  because  it  insures  greater  per- 
manency than  the  former.  Cooperative  work  with  the  farmers  and 
land  owners  will  be  continued,  but  efforts  will  be  directed  towards  the 
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care  of  the  native  wcJbdlots  in  preference  to  the  planting*  of  groves 
and  plantations.  So  much  interest  has  been  aroused  in  the  latter 
case,  especially  where  locust  and  catalpa  were  used,  that  it  seems 
justifiable  to  restrict  the  giving  out  of  these  species  to  cases  where 
good  opportunities  present  themselves  for  demonstration  or  experi- 
mentation, or  to  localities  where  little  interest  has  been  manifested 
in  the  past.  It  seems  advisable  to  offer  every  inducement  possible 
in  the  way  of  furnishing  different  kinds  of  trees  for  wooodlot  im- 
provement. The  increase  of  interest  in  woodlot  management  is 
apparent.  Out  of  208  applicants  for  help  in  forestry  work,  73 
were  for  aid  in  managing:  woodlots,  being  double  the  number  for  the 
previous  year.  Work  among  the  land  owners  in  southern  Ohio  will 
be  pushed  as  far  as  time  and  funds  permit.  Some  of  the  iron  and 
coal  companies  have  applied  for  help  in  managing  their  lands.  A 
map  of  the  land  of  the  Carbondale  Coal  Company,  in  Athens  county, 
was  partially  prepared  last  summer,  ancl  will  be  completed  this  year. 
Plans  for  operation  will  accompany  the  map. 

The  experimental  planting  of  pine  and  locust  for  the  purpose  of 
reclaiming  eroded  waste  lands  is  of  the  utmost  importance,  and 
work  will  be  conducted  along:  this  line.  The  locust  is  especially 
well  adapted  for  this  purpose,  on  a  small  scale,  because  of  its  value 
for  post  timbers,  its  adaptability  to  the  conditions,  and  its  propen- 
sity to  aid  in  the  establishment  of  blue-grass  sod. 

Forestry  at  public  institutions.  The  Experiment  Station  is 
now  conducting  forestry  work  on  the  cooperative  plan  at  seven 
state  and  municipal  institutions,  and  at  one  private  institution. 
These  are:  The  State  Reformatory,  Mansfield;  The  Tuberculosis 
Hospital,  Mt.  Vernon;  The  Boys'  Industrial  School,  Lancaster; 
Miami  University,  Oxford;  The  Hospital  for  the  Criminal  Insane, 
Lima;  The  University  of  Cincinnati,  Cincinnati;  Oberlin  Water 
Works  Farm,  Oberlin;  Kenyon  College,  Gambler.  Work  will  be 
carried  on  with  each  institution  this  year.  The  lands  of  these 
institutions  represent  almost  every  soil  and  and  topogfraphical  con- 
dition in  Ohio,  and  practically  every  one  offers  excellent  opportun- 
ities for  different  phases  of  forestry  work.  Opportunity  is  offered 
for  the  manag'ement  of  second  growth  forest  and  the  reconstruction 
of  old  woodlots  and  for  plantation  plantings.  One  of  the  most 
important  experiments  now  going  on  is  the  planting^  ta  the  Oberlin 
Water  Works  Farm  of  100  acres,  to  protect  the  intake  of  the  reser- 
voir. A  considerable  number  of  white  pines  were  planted  on  this 
farm  this  spring  and  the  work  will  be  contined  in  the  future. 
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Forest  survey.  The  department  has  employed  six  men  for  the 
summer  to  assist  in  preparing:  maps  and  working:  plans  for  the  vari- 
ous state  institutions  where  work  is  being  carried  on.  As  far  as 
time  permits,  the  work  will  be  extended  to  the  more  promising- 
tracts  of  the  companies  and  individuals  where  work  can  be  done. 

Studies  of  commercial  trees  will  also  be  conducted.  The  study 
of  the  chestnut  will  be  completed  and  the  results  published. 

HORTICULTURE  AND  ENTOMOLOGY 

Revival  of  apple  culture  in  Ohio.  For  several  seasons  these 
departments  of  the  Station  have  been  working  in  cooperation  with 
orchardists  in  various  sections  of  the  State,  with  the  result  that  it 
has  been  convincingly  demonstrated  that  it  is  possible  to  bring  back 
many  an  abandoned  orchard  into  very  profitable  production,  and  it 
IS  no  longer  a  question  that  many  a  hill  farm  in  southeastern  Ohio, 
which  is  now  affording  its  owner  but  a  meager  subsistence,  might 
be  made  to  yield  an  income  rivalling  those  obtained  from  the  more 
level  lands  of  the  State,  if  planted  in  apples  and  properly  cared  for. 

NUTRITION 

The  work  of  this  department,  which  is  being  conducted  under 
the  Adams  Fund,  has  included  investigations  on  (1)  the  nutritive 
values  of  the  various  compounds  of  phosphorus  in  foods;  (2)  the 
separation  of  the  various  groups  of  phosphorus  compounds  in  food- 
stuffs, and  (3)  the  effects  of  conditions  of  growth  on  the  mineral 
nutrients  in  blue-grass. 

Plans  have  been  completed  for  the  construction  of  a  building 
for  slaughter,  refrigeration  and  metabolism  experiments,  appropria- 
tions for  which  purpose,  amounting  to  $22,000,  have  been  made  by 
the  last  two  General  Assemblies.  This  building  is  to  be  of  brick, 
40x60  feet  on  the  ground,  with  two  stories  and  a  basement.  The 
first  floor  is  devoted  to  slaughter  and  refrigeration  work,  the  coolers 
occupying  18x38  feet  and  providing  for  temperatures  from  zero  to  40 
degrees  Fahrenheit.  The  second  floor  will  contain  an  animal  experi- 
ment room  23x39  feet  in  size  and  four  smaller  accessory  rooms  for 
various  experimental  operations. 

The  character  of  the  work  of  this  department  is  illustrated  by 
the  three  bulletins  issued  during  the  year,  Numbers  207,  213  and 
215.  In  Bulletin  207  it  is  shown  that  the  specific  or  characteristic 
effects  of  foods  are  influenced  in  important  ways  by  the  ratio  of  the 
inorganic  acids  to  the  inorganic  bases  which  they  contain.  A  ration 
which  contains  a  fair  proportion  of  fruits,  vegetables,  milk  or  rough- 
age, is  likely  to  furnish  a  sufficient  amount  of  the  bases  (sodium 
potassium  and  calcium)  in  relation  to  the  acids  (sulphur,  phosphorus 
and  chlorine);  but  a  ration  made  up  of  little  else  than  the  cereal 
foods,  eggs  and  meat,  is  liable  to  be  deficient  in  the  base  and  to  con- 
tain an  excess  of  the  acids. 
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In  Bulletin  213,  which  was  published  jointly  with  the  Experi- 
ment Station  of  the  University  of  Missouri,  a  comparison  of  a  consid- 
erable number  of  balanced  rations  shows  that  the  muscular  g^rowth 
produced  was  g^enerally  in  accord  with  the  content  of  the  foods  in 
organic  phosphorus  compounds.  As  a  food  for  growing  animals  it  is 
shown  that  corn  is  deficient  in  protein,  calcium  and  phosphorus,  also 
in  basic  minerals  as  compared  with  acid  minerals,  and  further,  is 
characterized  by  an  excess  of  magnesium  in  relation  to  calcium. 
The  effects  of  these  conditions,  as  exhibited  by  the  growth  of  pigs, 
are  a  retarded  development  of  proteid  aud  bony  tissues  and  an  over- 
development of  fatty  tissue.  Such  animals  reach  their  limit  of 
growth  prematurely  and  their  breeding  capacity  is  impaired  by  the 
lessened  circulation  of  blood  in  the  reproductive  organs,  due  to 
the  pressure  of  an  excess  of  internal  fat. 

In  Bulletin  215  new  methods  are  published  to  supplant  very 
imperfect  ones  for  distinguishing  between  organic  phosphorus, 
which  contributes  to  the  growth  of  all  the  tissues  of  the  body,  and 
inorganic  phosphorus,  which  contributes  only  to  the  growth  of 
bones. 

These  studies  of  the  nutritive  values  of  phosphorus  compounds 
are  showing  that  glycerophosphates  are  more  useful  than  the  other 
organic  and  inorganic  compounds  found  in  foods.  The  content  of 
farm  foods  of  phosphorus  in  this  condition  is  very  small,  and  it 
seems  probable  that  the  results  of  these  experiments  will  show  that 
under  certain  conditions  of  practice  it  will  pay  to  add  glycerphos- 
phates  to  the  food  just  as  we  use  common  salt. 

It  will  be  seen  from  the  foregoing  summary  that  the  work  of 
this  department  is  being  directed  toward  some  of  the  fundamental 
problems  in  the  nutrition,  both  of  the  lower  animals  and  of  man. 

SOILr  INVBSTIQATIONS 

These  investigations  have  been  continued  without  interruption 
at  the  main  station  and  at  the  three  test-farms,  and  work  has  been 
begun  on  the  Findlay  and  Boardman  test-fields.  The  work  at  the 
main  station  includes  field  experiments,  pot-cultural  studies  in  the 
greenhouse  and  analyses  of  soils  and  crops  in  the  chemical  labora- 
tory. In  these  pot-cultural  and  chemical  investigations  a  large 
number  of  soils  from  the  different  soil  formations  of  the  State  are 
being  studied,  and  while  useful  information  is  being  obtained  through 
these  methods  they  do  not  and  probably  never  can  take  the  place  of 
the  field  experiment. 

In  the  chemical  laboratory  improved  methods  of  investigation 
are  being  developed  which  are  making  it  possible  to  determine  in  a 
general  way  the  condition  of  a  particular  soil,  but  the  more  accurate 


Digitized  by 


Google 


xxiv  OHIO  EXPERIMENT  STATION 

knowledge  which  is  essential  to  the  most  economical  management  of 
the  land  is  only  to  be  obtained  in  the  field  itself,  and  only  through 
investigations  comprehensive  in  plan  and  continued  through  many 
years. 

The  work  which  has  thus  far  been  accomplished  in  this  direc- 
tion gives  very  great  encouragement  to  the  expectation  that  it  will 
ultimately  be  possible  to  outline  a  system  of  treatment  for  a  partic- 
ular soil  which  will  give  the  highest  results  in  economy  of  production, 
but  to  accomplish  this  end  it  will  be  necessary  to  know  the  geologi- 
cal history  of  the  soil,  its  chemical  and  physical  constitution  and  the 
treatment  to  which  it  has  been  subjected  for  a  considerable  period 
of  years.  Neither  of  these  factors  can  be  omitted  from  the  computa- 
tion, but  if  either  is  more  important  than  the  others  it  is  probably 
the  first  and  the  last. 

For  this  reason  it  is  useless  to  send  a  sample  of  soil  to  the 
Experiment  Station  for  examination  unless  the  sample  be  accom- 
panied by  information  respecting  its  location  and  previous  treat- 
ment, and  before  the  Experiment  Station  can  have  that  thorough 
knowledge  of  the  soil  formations  of  the  State  which  is  essential  to 
accuracy  in  advice  it  must  have  more  of  these  formations  under  field 
investigation. 

COUNTY  BXPRRIMBNT  FARMS 

In  another  pan  of  this  report  is  given  the  text  of  the  law  enacted 
last  winter  which  authorizes  the  establishment  of  county  experiment 
farms.  Should  there  be  any  considerable  number  of  such  farms 
established  under  this  law  it  will  be  possible  to  materially  extend  our 
knowledge  of  the  soils  of  the  State,  for  the  first  work  undertaken  on 
such  a  farm  should  be  the  study  of  its  soil.  To  the  end  that  this 
study  may  be  of  the  greatest  value  to  the  county  as  a  whole  the 
farm  should  be  located  upon  a  soil  typical  of  as  large  an  area  of  the 
the  county  as  possible,  except  in  some  cases  where  in  adjoining 
counties  it  may  be  better  to  locate  the  experiment  farms  on  different 
soil  types,  even  though  one  of  these  types  may  represent  a  smaller 
area  than  the  other. 

WHAT  THB  COUNTY  BXPBRIMBNT  FARMS  MAY  ACCOMPLISH 

The  Experiment  Station  was  located  in  Wayne  county  in  1892, 
on  a  soil  representing  the  average  soils  of  the  county  in  geological 
origin  and  in  present  condition,  though  somewhat  below  the  averge 
in  natural  fertility.  The  Station  at  once  instituted  a  series  of  experi- 
ments on  this  soil,  which  were  so  planned  as  to  bring  out  the  compar- 
ative efifect  of  different  kinds  and  quantities  of  fertilizing  materials 
and  manures,  a  part  of  the  land  being  left  continuously  without 
treatment  for  comparison.     The  outcome  of  this  work  is,  that  in  a 
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rotation  of  com,  oats  and  wheat,  one  year  each,  followed  by  clover 
and  timothy  two  years,  the  crops  produced  have  had  an  averagre 
annual  value  for  the  last  five  years  of  $12.66  per  acre,  computing: 
corn  at  half  a  dollar  per  bushel,  oats  at  one-third  of  a  dollar,  wheat 
at  one  dollar  and  hay  at  eight  dollars  per  ton,  on  land  that  has  had 
no  fertilizing  or  manuring.  The  use  on  the  corn,  oats  and  wheat  of 
a  complete  chemical  fertilizer,  costing  $23.50  for  each  rotation,  or 
$4.70  annually,  has  increased  the  annual  value  of  the  produce  to  $20 
per  acre.  When  the  rotation  has  been  reduced  to  four  years,  by 
omitting  the  timothy  crop,  and  ten  tons  of  barnyard  manure,  rein- 
torced  with  phosphate  rock  and  followed  by  a  ton  of  lime  per  acre 
has  been  applied  to  the  corn  crop,  and  400  pounds  per  acre  of  com- 
plete commercial  fertilizer  has  been  applied  to  the  wheat,  the  cost  of 
treatment,  in  addition  to  the  manuring,  amounting  to  $14.00  for  each 
4-year  rotation,  or  $3.50  annually,  the  average  annual  value  of  the 
produce  has  amounted  to  more  than  $30  per  acre  on  forty  acres  of 
land. 

This  last  result  has  been  accomplished  by  applying  to  large- 
field  culture  the  lessons  taught  by  the  small-plot  experimiments, 
and  the  outcome  is  a  larger  yield,  produced  at  a  less  cost  than  any 
that  has  been  secured  in  the  plot  work. 

This  study  of  the  maintenance  and  increase  of  the  produce  of 
the  land  should  be  the  leading  work  of  the  county  experiment 
farms,  for  the  Station's  work  on  its  several  test  farms  has  shown 
that  the  results  attained  on  the  Wooster  soil  cannot  be  accepted  as 
an  assurance  that  similar  results  will  follow  similar  methods  on  other 
soils.  For  example,  the  same  application  of  chemical  fertilizers 
which  has  given  increase  to  the  value  of  $50  at  Wooster  has  increased 
the  produce  by  only  $28  at  the  Strongsville  Test-farm,  while  at  the 
Germantown  Test-farm  the  rate  of  increase,  during  the  first  six 
years  of  the  work,  has  been  greater  than  that  at  Wooster  during  the 
corresponding  period. 

Next  to  the  study  of  the  soil  will  come  investigations  on  the 
adaptability  of  different  varieties  of  grains  and  forage  crops  to  the 
different  sections  of  the  State,  and  on  different  methods  of  culture. 
In  some  sections,  also,  studies  will  be  made  of  certain  crops  which 
are  not  adapted  to  the  soils  of  the  State  in  general;  for  example,  of 
the  sugarbeet  in  northwestern  Ohio. 

As  these  county  farms  will  be  branches  of  the  main  station, 
their  work  will  be  coordinated  with  that  of  the  Station,  thus  systema- 
tizing the  work  throughout  the  State  and  bringing  to  each  county 
the  direct  assistance  of  the  specialists  employed  at  the  main  station 
and  of  the  results  being  attained  at  all  the  other  county  stations. 
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Of  course  the  chemical,  physical  and  bacteriological  laboratories, 
with  their  costly  equipment,  will  remain  at  the  main  station,  and 
such  questions  as  require  their  facilities  for  solution  will  be  carried 
to  them. 

PUBLICATIONS 

The  following  publications  have  been  issued  during  the  year: 

Bulletin  206,  pp.  1-21.  The  maintenance  of  fertility:  Field  experiments  with 
fertilizers  and  manures  on  tobacco,  com,  wheat  and  clover  in  the  Miami  Valley. 
By  C.  E.  Thome. 

Bulletin  207,  pp.  23-52.  The  balance  between  inorganic  acids  and  bases  in 
animal  nutrition.     By  E.  B.  Forbes. 

•Bulletin  208,  pp.  53-70.  Protection  ot  fruit  trees  from  rodents.  By  F.  H. 
Ballou. 

•Bulletin  209,  pp.  71-89.     Rations  for  fattening  swine.  By  B.  E.  Carmichael. 

♦Bulletin  210,  pp.  91-167.     The  blade-blight  of  oats.     By  Thos.  F.   Manns. 

•Bulletin  211,  pp.  169-212.  Third  annual  report  on  forest  conditions  in  Ohio. 
By  C.  E.  Thome,  W.  J.  Green  and  Edmund  Secrest. 

•Bulletin  212,  pp.  213-236.  Corn  judging:  Studies  of  prominent  ear-char- 
acters in  their  relation  to  yield.     By  C.  G.  Williams  and  F.  A.  Welton. 

•Bulletin  213,  pp.  237-305.  Specific  effects  of  rations  on  the  development  of 
swine.     By  E.  B.  Forbes. 

•Bulletin  214,  pp.  307-456.  A  brief  handbook  of  the  diseases  of  cultivated 
plants.   (A  revision  of  Bulletin  121).     By  A.  D.  Selby. 

•Bulletin  215,  pp.  457-489.  Methods  for  the  quantitative  estimation  of  inor- 
ganic phosphorus  in  vegetable  and  animal  substances.  By  E.  B.  Forbes,  A. 
Lrehmann,  R.  C.  Collison  and  A.  C.  Whittier. 

•Bulletin  216,  pp.  491-526.     Spraying  machinery.     By  W.  H.  Groodwin. 

♦Bulletin  217,  pp.  527-559.     Apple  culture  in  Ohio.     By  F.  H.  Ballou. 

•Bulletin  218,  pp.  561-603.  I.  The  Status  of  the  potato  industry  in  Ohio.  By 
F.  H.  Ballou.     II.  Seasonal  notes  on  potatoes.     By  J.  H.  Gourley. 

•Bulletin  219,  pp.  605-639.  The  relative  durability  of  post  timbers.  By.  W. 
J.  Green  and  J.  J.  Crumley. 

•Bulletin  220,  pp.  641-673.  Annual  report,  meteorological  summary,  press 
bulletins  and  index. 

•Circular  96,  October  1,  1909,  36  pp.  Essentials  of  successful  field  experi- 
mentation.    By  C.  E.  Thorne. 

•Circular  97,  January  20,  1910,  8  pp.  The  work  of  the  department  of  cooper- 
ative experiments.     By  L.  H.  Goddard. 

•Circular  98,  February  1,  1910,  18  pp.  Minor  items  of  farm  equipment.  By 
L.  H.  Goddard  and  L.  W.  Ellis. 

•Circular  99,  March  1,  1910,  8  pp.  Cooperative  dairy  work.  By.  L,,  H. 
Groddard  and  M.  O.  Bugby. 

•Circular  100,  April  7,  1910,  15  pp.  The  centers  of  agricultural  production 
in  Ohio.     By  L.  H.  Goddard. 

•Circular  101,  May  12,  1910,  15  pp.  Illustrative  exhibits  at  state  and  county 
fairs.     By  L.  H.  Goddard  and  W.  A.  Lloyd. 

•Circular  102,  May  20,  1910,  7  pp.  Spraying  to  kill  weeds.  ■  Some  useful 
methods.     By  A.  D.  Selby. 
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The  publications  marked  (*)  have  been  sent  to  the  entire  mailing 
list  of  the  Station.  The  other  numbers  have  been  published  in  small 
editions  and  sent  only  to  special  lists  of  names,  but  a  few  copies  are 
still  available  for  distribution  to  those  who  may  request  them. 

Eleven  press  bulletins  have  been  issued  during:  the  year,  Nos. 
304  to  314  inclusive.  These  are  republished  with  the  present  report. 

PERSONNEL 

Messrs.  L.  T.  Bowser  and  L.  L.  Scott,  assistants  in  the  depart- 
ments of  chemistry  and  entomolog^y,  have  resigned  their  positions 
to  accept  other  situations.  Mr.  Thos.  F.  Manns  has  been  transferred 
to  the  department  of  Soils  as  Soil  Bacteriologist,  and  the  following 
new  appointments  have  been  made:  Albert  G.  Woods  and  E.  G. 
Arzberger,  B.  S.,  Assistant  Botanists;  R.  D.  Whitmarsh,  B.  S., 
Assistant  Entomologist;  and  George  Boltz,  B.  S.,  Assistant  Chemist. 

Respectfully  submitted, 

Chas.  E.  Thorne,  Diretor. 
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METEOROLrOGICALr  SUMMARY— PRESS  BULLETINS- 
INDEX. 


METEOROLOGICAL  SUMMARY  FOR  1909. 
BY  C.  A.  PATTON. 
EXPLANATION  OF  TABLES. 

The  following:  tables  contain  statistics  of  temperature,  rainfall, 
etc.,  for  the  year,  and  are  compiled  from  data  obtained  from  daily 
observations.  T  stands  for  "trace" — less  than  .01  inch  of  rainfall. 
Temperature  is  given  in  degrees  Fahrenheit. 

Table  I  shows  the  daily  rainfall  at  the  station  during:  the  year 
in  inches  and  hundredths. 

Table  II  shows  the  daily  mean  temperature  for  each  day  of  1909 
and  the  monthly  mean  temperature  with  the  22  years'  averag^e. 

Table  HE  griver  the  monthly  mean  temperature  at  the  station 
with  the  22  years'  averag-e  for  the  same. 

Table  IV  gives  the  monthly  mean^  rainfall  for  the  station  with 
the  22  years'  average  for  ahe  same. 

Table  V  gives  the  monthly  mean  temperature  for  the  state  for 
1909  with  the  22  years'  average. 

Table  VI  gives  the  monthly  mean  rainfall  for  1909  with  the  22 
years'  average  for  the  state. 

Table  VII  gives  the  monthly  mean  temperature  and  rainfall  for 
the  station  and  state  for  1909  with  the  22  years'  average. 

Table  Vni  contains  the  mean  temperature,  the  highest  and 
lowest  temperatures,  with  the  range  of  temperature  for  each  month; 
the  number  of  clear,  fair  and  cloudy  days;  the  rainfall,  snowfall  and 
prevailing  direction  of  wind,  for  both  the  station  and  state  for  1909. 
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Table  IX  contains  the  principal  points  of  interest  6n  tempera- 
ture, rainfall,  and  state  of  weather  at  the  station  during*  the  year, 
and  a  grand  summary  for  twenty-two  years. 

Table  X  contains  the  principal  points  of  interest  on  tempera- 
ture, rainfall,  and  state  of  weather  for  the  state  during  the  year  and 
a  grand  summary  for  twenty-seven  years. 

Table  XI  gives  the  highest  and  lowest  temperature  for  each 
month  during  the  past  twenty-two  years,  for  both  the  station  and 
state. 


NOTES  ON  THE  WEATHER  AT  THE  STATION,    1909. 
SUMMARY  BY  MONTHS. 

LATITtJDE  40o  47'   01'/,    LONGITUDE  8l0  55'   48^^. 
ELEVATION   ABOVE   THE  SEA  1,030  FEET. 


JANUARY. 

The  mean  temperature  for  January  was  31.7^,  which  is  4.3^ 
above  the  station  averag^e  for  January.  The  hig:hest,  66^,  occurred 
on  the  24th;  the  lowest,  11°,  on  the  13th.  Cloudy  weather  prevailed. 
Rain  or  snow  fell  on  twelve  days.  The  total  precipitation  was  2.95 
inches,  which  is  .21  inch  below  the  station  avera^re  for  January. 
The  prevailing:  wind  was  southwest. 

FEBRUARY. 

The  mean  temperature  for  February  was  33.6°,  which  is  7.1*^ 
above  the  station  averag^e  for  February.  The  higrhest,  60°,  occurred 
on  the  24th;  the  lowest,  — 2°,  on  the  first.  Cloi  dy  weather  prevailed. 
Rain  or  snow  fell  on  seventeen  days.  The  total  precipitation  was 
S.22  inches,  which  is  2.36  inches  above  the  station  average  for  Feb- 
ruary.    The  prevailing"  wind  was  southwest. 

MARCh. 

The  mean  temperature  for  March  was  35.9°,  which  is  1.3°  above 
the  station  averag:e  for  March.  The  highest,  60°,  occurred  on  the 
9th;  the  lowest,  12°,  on  the  l7th.  Cloudy  weather  prevailed.  Rain 
or  snow  fell  on  sixteen  days.  The  total  precipitation  vsras  3.02 
inches,  which  is  .52  inch  below  the  station  average  for  March.  The 
prevailing  wmd  was  northwest. 
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APRIL. 

The  mean  temperature  for  April  was  48.4^,  which  is  .4^,  above 
the  station  avera^re  for  April.  The  highest,  81°  occurred  on  the 
18th;  the  lowest,  13°  on  the  10th.  Cloudy  weather  prevailed.  Rain 
or  snow  fell  on  twelve  days.  The  total  precipitation  was  3.92 
inches  which  is  1.10  inches  above  the  station  average  for  April. 
The  prevailing  wind  was  southwest. 

MAY. 

The  mean  temperature  for  May  was  57.9°  which  is  .5°  below 
the  station  average  for  May.  The  highest,  84°  occurred  on  the 
31st;  the  lowest,  31°  on  the  11th.  Fair  weather  prevailed.  Rain 
fell  on  twelve  days.  The  total  precipitation  was  4.06  inches,  which 
is  .04  inch  above  the  station  average  for  may.  The  prevailing  wind 
was  north. 

June. 

The  mean  temperature  for  June  was  69.3°  which  is  1.6°  below 
the  station  average  for  June.  The  highest,  89°  occurred  on  June' 
27th;  the  lowest,  42°  on  the  19th.  Rainy  weather  prevailed.  Rain 
fell  on  seventeen  days.  The  total  precipitation  was  6.44  inches, 
which  is  2.28  inches  above  the  station  average  for  June.  The  pre- 
vailing* wind  was  northeast. 

JULY. 

The  mean  temperature  for  July  was  69.6°  which  is  1.6°  below 
the  station  average  for  July.  The  highest,  89°  occurred  on  the  12th; 
the  lowest,  45°  on  the  4th.  Clear  weather  prevailed.  Rain  fell  on 
eleven  days.  The  total  precipitation  was  4.05  inches,  which  is  .25 
inch  below  the  station  average  for  July.  The  prevailing  wind  was 
south  and  northeast. 

AUGUST 

The  mean  temperature  for  August  was  70.4°  which  is  1.1°  above 
the  station  average  for  August.  The  highest,  89°  occurred  on  the 
8th;  the  lowest,  41°  on  the  22nd.  Clear  weather  prevailed.  Rain 
fell  on  ten  days.  The  total  precipitation  was  5.21  inches,  which  is 
1.83  inches  above  the  station  average  for  August.  The  prevailing 
wind  wr^s  south. 


Digitized  by 


Google 


644  OHIO  EXPERIMENT  STATION:  BULLETIN  220 

SEPTEMBER. 

The  mean  temperature  for  September  was  62.2^  which  is  1.6 
below  the  station  avera^re  for  September.  The  hig^hest,  90^  occard 
on  the  14th;  the  lowest,  30°  on  the  28th.  Clear  weather  prevailed 
Rain  fell  on  seven  days.  The  total  precipitation  was  1.73  inches 
which  is  1.44  inches  below  the  station  averaijre  for  September.  Tb( 
prevailing  wind  was  northeast  and  southwest. 

OCTOBER. 

The  mean  temperature  for  October  was  47.8*^  which  is  3.1' 
below  the  station  average  for  October.  The  highest  81 .°  occurred 
on  the  9th;  the  lowest,  22°  on  the  29th.  Cloudy  weather  prevailed. 
Rain  or  snow  fell  on  six  days.  The  total  precipitation  was  2.1o 
inches  which  is  .12  inch  below  the  station  average  for  October.  The 
prevailing  wind  was  northeast. 

NOVEMBER. 

The  mean  temperature  for  November  was  48.3°  which  is  8' 
above  the  station  average  for  november.  The  highest,  72^  occurred 
on  the  13th;  the  lowest,  21°  on  the  24th.  Cloudy  weather  prevailed. 
Rain  or  snow  fell  on  ten  days.  The  total  precipitation  was  2.^1 
inches  which  is  .08  inch  above  the  station  average  for  November. 
The  prevailing  wind  was  south. 

DECEMBER. 

The  mean  temperrture  for  December  was  25.2°  which  is  5i 
below  the  station  average  for  December.  The  highest,  66"^ occurred 
on  the  Sth;  the  lowest — 6°  on  the  30th.  Cloudy  weather  prevailed. 
Rain  or  snow  fell  on  fourteen  days.  The  total  precipitation  was 
2.SS  inches  which  is  .08  inch  below  the  station  average  for  Decem- 
ber.    The  prevailing  wind  was  southwest. 
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METEOROLOGY— TABLE  I— RAINFALL 
DAILY  RAINFALL  AND  MBLTBD  SNOW  FOR  1909  AT  BXPBRIMBNT  STATION 
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METEOROLOGY— TABLE  II— TEMPERATURE 
MEAN  TBMPBRATURB  FOR  BACH  DAY  OP  1909  AT  THB  STATION. 


Date 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27. 

28. 

29. 

30. 

31. 


21.0 
27.0 
39.5 
46.0 
43.6 
25.0 
140 
21.0 
31.6 
40.0 
33.5 
12.5 
45 
29.5 
33.5 
26.0 
26.0 
19.5 
22.Q 
31.0 
39.5 
53.0 
54.0 
61.5 
48.0 
34.0 
36.5 
380 
35.0 
246 
14.5 


9.0 
25.5 
330 
40.5 
60,5 
42.0 
315 
34.0 
36.5 
330 
23.5 
37.0 
37.5 
41.5 
29.5 
21.5 
21.5 
32.0 
43.0 
37.0 
33.5 
37.5 
45.5 
46.0 
25.5 
32.5 
35.5 
26.0 


33.0 
39.5 
35.0 
27.5 
265 
41.0 
43.0 
36.0 
48.5 
44.0 
31.5 
33.5 
40.0 
34.5 
320 
31.0 
22.5 
29.0 
43.5 
380 
34.0 
30.0 
33.0 
39.0 
40.0 
350 
43  0 
39.5 
380 
36.5 
37.5 


38.5 
43.5 
40.0 
41.6 
67.5 
61.5 
53.5 
43.5 
35.0 
22.0 
34.5 
66.0 
62.0 
39.5 
41.5 
56.0 
62.5 
64.5 
57.5 
420 
57.0 
60.5 
43.5 
62.0 
54.0 
45.0 
51.0 
40.5 
M.5 
61.0 


47.5 
44.5 
43.5 
44.5 
57.5 
72.0 
64.0 
535 
680 
49.6 
44.5 
500 
600 
67  0 
73.0 
63.0 
58.0 
535 
54.0 
67.0 
66.5 
57.5 
53.0 
66.0 
56.6 
65.0 
69.0 
500 
650 
63.5 
71.5 


71.5 
64.5 
67.0 
73.6 
68.5 
66.0 
69.0 
64.5 
69.6 
68.5 
64.5 
61.5 
70  0 
70.5 
62.5 
63.0 
66.0 
66.0 
59.5 
66.0 
74.5 
74.5 
77.0 
77.0 
74.5 
76.0 
79.0 
77.5 
76.0 
70.5 


72.0 
71.5 
66.5 
58.0 
64.0 
70.6 
66.5 
67.0 
695 
72.5 
73.6 
77.5 
74.0 
72.5 
75.5 
71.5 
67.0 
67.0 
59.5 
63.0 
71.5 
73.5 
64.5 
64.0 
66.5 
68.5 
70.5 
75.5 
77.0 
77.5 
71.0 


73.0 
72.5 
72.0 
70.0 
73.5 
71.5 
71.5 
77.5 
76.0 
68.5 
66.0 
68.5 
730 
73.0 
74.0 
74.6 
69.5 
67.0 
70.5 
67.0 
61.0 
60.0 
63.6 
70.0 
76.0 
77.0 
760 
74.0 
72.0 
61.0 
61.0 


60.0 
560 
61.5 
63.5 
61.5 
66.0 
68.6 
63.5 
67.5 
72.0 
66.5 
66.5 
72.5 
76.0 
71.5 
63.0 
61.5 
61.0 
67.0 
72.0 
67.5 
73.5 
65.0 
68.0 
53.0 
48.0 
60.0 
47.5 
59.5 
49.5 


67.6 
55.0 
45.0 
45.6 
40.0 
46.0 
51.5 
54.0 
46.5 
54.0 
69-5 
58.0 
61.0 
61.5 
53.6 
61.0 
46.0 
42.5 
39.5 
60.0 
47.0 
57.0 
49.0 
31.0 
31.0 
388 
46.0 
62.0 
45.6 
36.5 


49.5 
40.5 
38.0 
44.5 
63.0 
39.5 
34.5 
19.6 
8.5 
17.0 
21.5 

31.0 

I 
38.5  , 

31.5 

29.0 

24.0 

255 

19.5 

12.5 

15.0 

20.5 

16.0 

19.0 

18.5 

24.5 

25.5 

10.0 

16.5 

10.0 

4.0 

18.5 


Monthly  mean 
22-year  avo . 


31.7 
27.4 


33.6 
26.5 


37.2 


48.4 
48.0 


57.9 
68.4 


69.3 
67.7 


69.6 
71. 2 


70.4 
69.3 


62.2 
63.8 


47.8 
60.9 


48.3 
40.3 


25.2 
30.5 
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MBTEOROLOQY— TABLE  III 

MONTHLY  MBAN  TKMPBRATURB  FOR  TWBNTY-TWO  YEARS  AT  W008TBR. 

Temperature  in  degrees  Fahrenheit, 


Date 


1888 
1889 
1880 
1891 
1892 
1893 
1894 
1886 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
190i 
1906 
1906 
1907, 
1906. 
1909. 


23.0 
311 
36.0 
30.0 
22.0 
18.0 
32.8 
21.9 
27.9 
24.0 
31.6 
26.6 
30.2 
28.3 
263 
24.4 
186 
22.6 
36.9 
30.8 
28.7 
31.7 


ATeraffe. —    27.4 


28.8 
22.9 
36.6 
34.0 
33.0 
28.0 
26.7 
17.9 
29*2 
30.0 
27.4 
21.3 
260 
20.0 
21.4 
29.0 
20.6 
19.8 
26.8 
246 
268 
336 


26.6 


S 


31.7 
38.7 
30.9 
32.0 
33.0 
38.0 
43.6 
32.4 
29.8 
30.3 
43.3 
360 
31.8 
38.1 
41.2 
45.7 
37.6 
41.2 
30.2 
44.9 
43.1 
35.9 


37.2 


46.3 
47.1 
48.4 
49.0 
47.0 
60.1 
60.6 
49.5 
'64.6 
47.2 
45.3 
52.1 
47.8 
45.2 
46.2 
48.0 
42.8 
46.8 
51.9 
41.7 
60.1 
48.4 


48.0 


67.7 
67.8 
66.0 
520 
67.0 
57.6 
67.5 
60.4 
64.6 
63.4 
66.2 
60.0 
61.6 
67.9 
61.2 
62.2 
59.4 
59.2 
69.9 
82.8 
62.2 
57.9 


58.4 


68.9 
64.5 
69.8 
68.0 
70.0 
C9.3 
67.9 
69.9 
66.6 
64.3 
68.7 
69.4 
68.6 
69.1 
66.6 
63.0 
67.0 
68.0 
68.8 
64.6 
68.1 
69.3 


67.7 


70.1 
70.0 
70.6 
68.0 
70.0 
72.0 
71.4 
68.6 
70.2 
73.2 
74.6 
70.0 
72.6 
76.9 
73.0 
71.8 
69.8 
71.6 
71.0 
60.9 
72.4 


5-  < 


71.2 


67.8 
68.0 
66.8 
71.0 
69.0 
67.9 
69.2 
70.9 
68.6 
67.0 
71.1 
71.0 
74.0 
71.6 
66.4 
68.8 
66.7 
70.0 
74.2 
68.6 
69.0 
70.4 


69.3 


67.1 
66.8 
89.6 
68.0 
61.0 
63.2 
66.1 
66.5 
60.6 
66.7 
66.2 
61.6 
67.1 
63.3 
62.7 
64.4 
64.2 
63.8 
67.7 
06.0 
66.4 


63.8 


44.9 
46.3 
50.0 
49.0 
49.0 
62.3 
82.3 
44.2 
46.8 
55.9 
62.6 
55.0 
58.9 
61.7 
53.9 
58.2 
50.4 
51.0 
51.4 
47.4 
53.0 
47.8 


50.9 


40.7 
39.3 
41.3 
38.0 
38.0 
37.7 
36.5 
40.4 
44.4 
40.7 
38.4 
43.2 
40.6 
36.6 
47.3 
36.8 
39.6 
38.3 
40.4 
38.6 
41.0 
48.3 


40.3 


31.4 
40.7 
28.8 
37.0 
28.0 
30.9 
32.9 
32.8 
30.6 
31.8 
27.9 
29.0 
30.7 
26.1 
28.7 
21.7 
28.1 
33.1 
31.2 
32.1 
31.7 
26.2 


30.6 


47.3 
48.6 
49.6 
49.6 
48.0 
48.7 
60.6 
47.8 
49.3 
49.4 
60.4 
49.6 
50.7 
48.7 
49.5 
49.1 
47.1 
48.8 
50.7 
48.4 
51.0 
50.0 


Date 


1888 
1889 
1890 
1891 
1892 
1893 
1894 
1896 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1906 
1906 
1907 
1906 
1909 


49.3 
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METEOROLOGY— TABLE  IV 

MONTHLY  RAINFALL  FOR  TWENTY-TWO  YEARS  AT  WOOSTBR 

Rainfall^Inches 


Date 


1888 
1880 
1800 
1801 
1802 
1803 
1894. 
1805, 
1806. 
1807. 
1808. 
1800. 
1000. 
1001. 
1002. 
1003. 
1004. 
1905. 
1006. 
1907. 
1008 
1000 


3.52 
4.33 
4.71 
2.74 
2.67 
4.01 
2.10 
3.02 
1.73 
2.82 
4.10 
3.29 
2.78 
1.58 
0.63 
3.51 
5.27 
1.83 
1.93 
6.92 
1.96 
2.95 


2.43 
2.42 
6.20 
4.83 
2.67 
6.33 
3.37 
1.00 
2.27 
2.64 
i.27 
1.64 
2.74 
1.20 
0.83 
3.60 
3.00 
1.36 
1.06 
1.00 
3.80 
5.22 


3.34 
2.13 
4.37 
3.71 
3.38 
1.80 
2.36 
1.08 
3.67 
2.81 
6.44 
3.05 
2.25 
3.00 
2.99 
3.29 
6.22 
2.61 
3.57 
5.80 
5.02 
3.02 


2.48 
1.56 
a.  10 
1.66 
2.44 
5.68 
1.74 
1.60 
3.34 
2.75 
2.56 
1.28 
1.70 
2.46 
1.46 
4.55 
6.50 
2.51 
2.27 
2.60 
3.64 
3.02 


2.31 
4.86 
5.57 
7.13 
7.80 
2.51 
2.23 
4.20 
3.96 
2.98 
2.70 
1.96 
3.71 
4.82 
5.56 
3.69 
1.67 
7.50 
3.81 
3.81 
2.17 
6.44 


454 
6.73 
2.67 
3.28 
4.73 
1.38 
1.38 
2.19 
8.06 
3.80 
6.79 
3.73 
5.65 
3.32 
5.26 
4.61 
4.93 
5.14 
4.93 
396 
3.44 
4.05 


4.35 
1.06 
4.66 
1.95 
2.60 
1.53 
0.76 
2.30 
1.96 
3.86 
5.53 
0.53 
5.97 
3.58 
1.87 
6.58 
2.03 
4.47 
7.38 
2.04 
3.17 
5.21 


1.02 
4.05 
5.12 
0.94 
3.20 
1.85 
4.07 
3.02 
5.16 
0.29 
2.15 
5.56 
2.10 
5.64 
3.49 
207 
2.27 
5.10 
5.16 
3.13 
0.73 
1.73 


3.18 
1.36 
7.45 
1.33 
0.37 
6.18 
2.53 
1.15 
0.71 
0.80 
4.25 
2.21 
2.10 
0.81 
1.52 
2.63 
6.87 
2.32 
3.55 
2.34 
1.22 
2.16 


4.06 
3.53 
2.61 
5.73 
2.06 
2.49 
2.41 
4.21 
1.78 
5.76 
4.14 
L5e 
4.30 
1.62 
2.62 
2.25 
0.40 
2.04 


1.33 
2.0 


130 
3.03 
1.74 
2.92 
1.74 
1.50 
3.15 
3.51 
2.41 
2.50 
2.29 
2.78 
0  99 
3.47 
4.07 
1.05 
2.68 
2.08 
3.77 
3.41 
3.06 
2.55 


3.18 
3.32 
4.51 
3.20 
3.46 
3.38 
2.55 
266 
3.21 
3.01 
3.90 
2.74 
3.06 
2.90 
274 
3.37 
3.44 
3.58 
3.57 
3.33 
2.83 
3.68 


Date 


1888 
1880 
1800 
1801 
1882 
1803 
1894 
1806 
1806 
1897 
1806 
1899 
1900 
1901 
190S 
1903 
1904 
1906 
1906 
1907 
1906 
1909 


Averajre  . . . 


3.16 


2.86 


3.51 


2.82 


4.02 


4.16 


4.30 


3.38 


3.17 


2.^3 


2.6 


3.26 
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METEOROLOGY— TABLE  V 


MONTHLY  MEAN  TEMPERATURE  FOR  TWENTY-TWO  YEARS  FOR  THE  STATE 
Temperature  in  degrees  Fahrenheight 


Date 

S 
S 

s 

1 

1 

>, 
i 

s 

1 

•< 

1 
1 
1 

1 

1 
1 

5 

Date 

1888 

24.3 

30.5 

34.2 

49.2 

69.1 

70.4 

72.1 

70.4 

60.3 

47.9 

42.9 

33.3 

49.6 

1888 

188B 

33.3 

25.8 

40.2 

49.9 

60.2 

66.7 

72.5 

69.1 

62.9 

47.9 

41.0 

43.S 

61.1 

1889 

1890 

3R.8 

394 

34.5 

61.3 

50.2 

73.3 

73.1 

6R.8 

62.1 

52.7 

43.9 

31,2 

62.3 

1890 

1891 

33.0 

36.0 

35.0 

52.0 

58.0 

71.0 

69.0 

70.0 

67.0 

51.0 

40.0 

39.0 

61.7 

1891 

1882 

24.0 

35.0 

35.0 

49.0 

69.0 

73.0 

73.0     71.0 

64.0 

62.0 

38.0 

29.0 

50.1 

1892 

1893. 

18.0 

29.0 

38.0 

50.2 

58.3 

70.6 

74.5     70.7 

65.2 

63.7 

39.3 

327 

51.6 

1893 

18M 

37.7 

289 

45.1 

50.6 

60.0 

71.3 

74.3 

71.2 

67,8 

63,9 

37.5 

33.9 

52.3 

1804 

1895 

23.4 

19.6 

35.5 

51.7 

61.1 

70.2 

71.6 

73.5 

69.0 

46.9 

41.3 

33.9 

49.9 

1895 

1896 

29.4 

30.5 

32.4 

567 

67.9 

69.5 

73.2 

71.8 

62.7 

4».0 

45  1 

32.9 

51,7 

1896 

1897 

25.6 

32.4 

41.5 

49.3 

46.3 

68.1 

75.6 

69.4 

66.9 

58.1 

42.2 

32.8 

60.6 

1897 

1898 

32.4 

30.0 

45,0 

47  2 

61  0 

71.9 

76.0 

735 

67,8 

53  1 

38.8 

288 

52.1 

1898 

1889 

27.8 

21.6 

36.9 

53.3 

63.3 

71.5 

74.1 

73.7 

64.1 

67.4 

43.9 

30.2 

51.6 

1899 

1900 

31.1 

26.0 

32.9 

60.1 

62.9 

69.8 

74.1 

76.3 

69.3 

60.6 

41.6 

31.6 

52.3 

1900 

1901 

29.2 

21.1 

395 

46.7 

69  0 

70  9 

78  1 

73  1 

64.8 

63  8 

37  7 

27  9 

50  2 

1901 

1902 

27.3 

22.3 

41.9 

48.2 

62.6 

66.9 

74.0 

67.4 

63.6 

54.6 

48.6 

29.4 

50.6 

1902 

1903 

27.1 

29.9 

46.7 

49.9 

63.9 

64.4 

72.9 

70  7 

65.6 

64.0 

37.2 

23.4 

60.6 

1903 

1904 

20.7 

22.9 

39.7 

44.4 

60.7 

68.4 

71.4 

68.8 

65.6 

52.2 

40.6 

28.6 

48.6 

1904 

1905 

22.7 

20.8 

42.7 

48.5 

eo.7 

69.2 

73.0 

71.7 

65.3 

62.6 

39.6 

32.9 

60.0 

U05 

1906 

35.7 

27.3 

31.3 

52.1 

61.3 

69.8 

72.1 

74.6 

68.9 

62.7 

41.1 

32.3 

61.6 

1906 

1907 

32.2 

27.7 

45.9 

42.5 

51.5 

65.6 

72.6 

69.5 

65.5 

48.8 

39.1 

33.0 

49.6 

1907 

508 

29.1 

26.0 

43.4 

51.0 

62.8 

69.2 

73.9 

71.2 

68.0 

54.1 

41.7 

33.1 

52.1 

1908 

^09      

32.2 

34.7 

37.3 

49.1 

58.7 

70.1 
69.6 

66.4 

72.1 

63.7 

49.1 

49.4 

26.1 

50.7 

1909 

Average 

28.9 

28.1 

38.8 

49.7 

60.0 

73.1 

71.3 

65.6 

52.5 

41.4 

31.8 

50.9 
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METEOROLOGY— TABLE  VI 

MONTHLY  RAINFALL  FOR  TWENTY-TWO  YBARS  FOR  THE  8TATB 

Rainfall— Inches 


Date 


1888 

1889  .... 

1890 

1891 

1892 

1893 

1894 

1896 

1896 

1897 

1898 

1899 

1900...  . 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 


A  verage . 


3.65 
3  13 
4.94 
2.82 
2.06 
2.56 
2.14 
4.00 
1.67 
1.93 
6.25 
3.01 
2.37 
1.70 
1.42 
2.36 
3.85 
1.73 
1.96 
611 
1.82 
3.24 


2.90 


1.74 
136 
5.26 
4.91 
3.27 
6.13 
2.79 
0.69 
2.26 
3.64 
2.32 
2.11 
3.53 
1.24 
0.88 
4.95 
2.69 
1.58 
1.16 
0.85 
4. 10 
5.39 


2.81 


3.66 
1.60 
5.29 
4.19 
2.16 
2.09 
2.16 
1.60 
3.34 
6.17 
6.23 
4.66 
2.36 
2.66 
2.76 
3.51 
5.73 
2.50 
3.97 
5.55 
2.43 
2.77 


3.6 


2.83 


3.77 
3.71 
6.52 
2.20 
4.63 
4.97 
4.00 
1.80 
2.67 
8.93 
4.10 
4.32 
2.40 
396 
3.09 
2.82 
3.79 
5.63 
2.17 
3.47 
4.72 
4.72 


3.74 


3.41 
4.13 
4.50 
4.82 
6.73 
3.34 
2.66 
2.44 
4.81 
2.85 
2.86 
2.96 
2.99 
4.38 
7.48 
3.97 
2.88 
4.72 
3  41 
4.57 
2.62 
6.86 


4.01 


4.40 
4.25 
1.99 
3.82 
3.13 
2.49 
1.66 
2.00 
8  11 
465 
3.98 
4.18 
4.62 
2.73 
4.69 
367 
4.13 
3.93 
5.14 
5.36 
4.06 
3.90 


3.95 


6.16 
1.60 
4.70 
3.07 
6.16 
2.17 
1.67 
2.96 
3.38 
2.72 
4.60 
182 
368 
3.32 
1.67 
3.20 
2.74 
4.46 
4.77 
2.48 
2.59 
3.68 


3.29 


2.27 
3.62 
5.66 
1.60 
1.27 
1.67 
3.31 
1.66 
5.13 
0.78 
2.66 
2.69 
1.76 
2.86 
4.66 
1.62 
1.95 
2.86 
2.92 
3.92 
0.68 
1.56 


2.56 


3.98 
1.78 
4.27 
1.76 
0*67 
4.24 
2.01 
1.22 
1.20 
0.64 
3.72 
2.14 
1.89 
0.73 


1.50 
3.63 
3.19 
2.76 
1.17 
2.46 


2.27 


4.25 
4.02 
2.53 
5.00 
2.62 
2.09 
2.17 
4.11 
2.63 
6.62 
8.17 
1.72 
4.15 
1.64 
2.60 
2  10 
0.37 
2.63 
2.69 
1.93 
1.06 
1.93 


2.81 


1.47 
2.81 
2.37 
2.39 
1.85 
2.61 
2.96 
3.86 
1.66 
2.39 
2  71 
3.16 
1.24 
3.T9 
3.95 
2.07 
3.09 
2.25 
3.68 
3.16 
2.33 
2.68 


2.6 


3.30 
2.79 
4.17 
3.21 
3.08 
3.30 
2.47 
2.37 
3.29 
3.21 
3.66 
2.87 
2.74 
2.69 
3.13 
3.07 
2  96 
3.25 
3.07 
3.57 
2.84 
3.53 


Date 


188B 
IfflB 
1890 
l»l 
1802 
1893 
18M 
1805 
1806 
1807 
189S 
18B9 
190O 
1901 
1902 
1903 
1904 
1906 
1906 
1907 
1908 
1909 


3.12 
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PRESS    BULLETINS 

The  folloNving  press  bulletins  have  been  issued  during*  the  year 
No.  304,     July  5,  1909.    Harvest  mites,    **jiggers"or  "chiggers." 

Last  year,  threshermen,  harvest  hands,  workers  in  potteries,  and  apparent 
ly  all  classes  of  laborers  who  were  obliged  to  handle  straw  in  any  way  sufiFere] 
intensely  from  the  attacks  of  harvest  mites  or  * 'jiggers."  Horses,  stablei] 
under  mows  in  which  infested  straw  had  been  stored,  were  in  many  case 
rendered  frantic  by  the  irritation 'oaused  by  these  minute  insects.  Weatbes 
conditions  lately  have  been  exceedingly  favorable  for  the  development  of  s 
similar  or  worse  plague  this  season. 

The  young  mites  are  of  microscopic  size,  blood  red  in  color  and  belong  U 
the  order  of  spiders.  The  immature  larvae  are  provided  with  only  six  leg^ 
while  the  adults  have  eight.  It  is  the  larval  forms  which  cause  annoyance 
* 'Jiggers*'  are  abundant  in  bramble  thickets  and  on  low  growth  in  woods  ajK 
along  streams.  They  often  occur  in  immense  numbers  in  grain  straw,  some 
times  causing  sickness,  and  even  death  has  sometimes  resulted  directly  a 
indirectly  from  their  attacks. 

The  eggs  are  laid  on  the  ground.  The  young,  upon  hatching,  in  the  speciei 
which  have  been  studied,  attach  themselves  to  insect  hosts  and  draw  theii 
sustenance  from  these  for  a  time,  dropping  off  when  full  fed.  It  is  probably  3 
misjudged  attempt  to  follow  their  usual  habit  of  parasitism  that  induces  then 
to  burrow  into  the  flesh  of  human  beings  and  warm  blooded  animals,  a  pro 
ceeding  which  invariably  results  in  their  death. 

Preventives  and  remedies:  The  Ohio  Experiment  Station  recommends  thai 
so  far  as  possible  one  should  avoid  sitting  or  lying  in  locations  that  are  apt  tc 
be  infested.  Where  exposure  is  unavoidable,  dust  flowers  of  sulphur  into  all 
the  underclothes,  especially  into  the  stockings  and  inside  the  shoes.  Thresher- 
men  should  sift  it  into  all  their  clothing  and  rub  it  over  their  bodies.  When 
infested  straw  must  be  stored  in  mows,  dust  the  floor  with  sulfur  and  thorough- 
ly sift  it  over  the  first  layers  of  straw  placed  on  the  floor.  Napthaline  powdei 
may  be  used  instead  of  sulfur  and  is  said  to  be  equally  effective,  but  the  odoi 
makes  it  more  objectionable.  As  soon  as  possible  after  quitting  work,  exposed 
persons  should  take  a  bath  in  strong  soapsuds.  The  carbolic  and  tar  soaps  arc 
very  useful  for  this  purpose.  If  the  mites  have  already  penetrated  beneath  the 
skin,  bathe  in  a  very  strong  suds  of  carbolic  soap.  A  very  effective  wash  for 
this  purpose  is  to  make  a  solution  of  one  of  the  coal  tar  sheep  dips,  such  as 
Zenoleum  or  Chloronaphtholeum,  one  part  of  the  dip  to  a  about  100  to  150  parts 
of  water.  Other  solutions  that  may  be  used  on  the  welts  are  of  ammonia,  coal 
oil  (kerosene)  or  ordinary  cooking  soda.  A  dilute  tincture  of  iodine  or  collo- 
dion, if  lightly  applied  to  the  swellings,  will  protect  from  the  air  and  allay  the 
smarting  sensation.  A  complete  change  of  clothing  should  be  made  after 
bathing. 
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No.  305.     July  5,  1909.     The  mineral  elements  in  animal   nutrition. 

Bulletin  201,  Ohio  Agricultural  Experiment  Station,  introduces  students  of 
agriculture  to  this  important  though  somewhat  unfamiliar  subject. 

That  portion  of  plants  and  animals  which  will  not  burn,  the  ash  or  mineral 
lubstance,  though  slight  in  amount  is  exceedingly  important.  Every  part  of  an 
ainimal  contains  mineral  matter  as  an  essential  constituent,  and  every  process 
In  the  life  of  animals  involves  these  mineral  substances. 

The  mineral  nutrients  are  as  important  to  the  growth  of  plants  as  to  the 
ainimals  which  use  them  for  food.  These  minerals  come  from  the  soil.  The 
Etmount  and  kind  of  fertility  in  the  soil  powerfully  influences  not  only  the 
amount  but  also  the  kind  of  growth,  not  only  of  plants  grown  upon  the  soil  but 
also  of  the  animals  which  use  these  plants  as  food. 

Our  most  important  stock  feeding  problem  in  the  central  United  States  is 
the  most  profitable  use  of  corn.  Com  happens  to  be  particularly  poor  in 
mineral  nutriment,  especially  so  in  calcium,  the  oxide  of  which  we  know  as 
lime.  Our  most  profitable  use  of  com  demands  that  we  consider  not  only 
proteid  but  also  mineral  supplements.  The  subject  is  of  greatest  importance  as 
it  relates  to  gr^owing  or  milking  animals  generally  and  also  to  those  raised 
most  largely  on  com,  namely:  hogB  and  poultry. 

Many  manufactured  feeds  are  deficient  in  mineral  nutrients  and  even 
pasture  grass  may  t>e  so  deficient  in  minerals,  especially  in  dry  seasons  and  on 
certain  types  of  soil,  as  to  cause  malnutrition  of  the  bones  of  stock.  The  com- 
position of  foodstuffs  affects  the  composition  of  bone,  muscle,  fat  and  visceral 
organs  in  the  growth  produced.  The  laxative  character  of  feeds  of^en  depends 
upon  the  mineral  constituents.  Human  foods  are  many  of  them  deficient  in 
minerals.  Those  human  foods  most  deficient  in  mineral  matter  are  rice, 
hominy,  t>olted  cornmeal,  patent  flour,  potatoes,  sugar  and  fat  meat.  If  one 
makes  larg-e  use  of  these  he  should  also  use  others  containing  much  more 
mineral  nutriment. 

This  bulletin  may  be  had  for  the  asking  by  addressing  the  Experiment 
Station  at  Wooster. 

No.  306.    July  19,  1909.    Forage  crops  for  emergencies. 

Considerable  areas  in  Ohio  have  recently  been  stricken  by  severe  hail 
storms  greatly  injuring,  and  in  some  cases  destroying  the  corn  and  oat  crops. 
Many  farmers  are  asking  what  may  be  done  to  relieve  the  situation.  It  is 
probable  that  in  most  instances  the  corn  crop  will  send  out  new  growth  and 
make  more  feed  than  any  new  seeding  would  furnish. 

While  it  is  getting  a  little  late  to  harvest  a  full  crop  of  mid-summer  forage 
crops  it  is  yet  worth  while  to  seed  the  following  crops: 

Hungarian  or  Common  millet — 40  lbs.  of  seed  per  acre. 

Sorghum — 12  lbs.  of  seed  in  rows  36  inches  apart. 

Buckwheat— 50  lbs.  of  seed  per  acre. 

Rape — 7  lbs.  per  acre. 

Thick  Com,  drilled  solid  or  in  rows. 

No.  307.     October  6,  1909.     Do  soutwestern  ohio  soils  need  lime? 

The  correspondence  of  the  Experiment  Station  indicates  that  some  of  the 
lands  in  Southwestern  Ohio  which  have  been  longest  in  cultivation  are  in  need 
of  lime,  notwithstanding  the  fact  that  this  region  is   underlaid   with  limestone. 
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The  first  indication  of  lime-hunger  in  the  soil  is  the  behavior  of  the  clorer 
crop.  The  seed  sown  in  the  spring*  takes  root  and  apparently  a  perfect  stand  is 
obtained.  At  harvest  the  land  is  fairly  evenly  covered  with  young  clover,  but 
there  are  patches,  of  greater  or  less  extent,  in  which  the  plants  seem  unthrifty. 
As  the  season  progresses  these  patches  increase  in  size  and  the  contrast 
becomes  more  apparent.  By  the  following  spring  these  patches  are  bare  d 
clover,  and  weeds  of  various  kinds,  espechdly  horse  sorrel,  have  taken  its 
place. 

This  unthriftiness  of  the  clover  usually  makes  its  first  appearance  on  the 
higher  and  dryer  lands,  and  especially  on  those  which  have  been  long  in  colti- 
vation  with  scanty  manuring.  It  is  also  more  apparent  in  dry  seasons;  in  fact 
in  a  season  of  abundant  rainfall  throughout  the  summer  it  may  not  be  observed, 
but  the  general  tendency  is  towards  an  increasing  difficulty  in  securing  satis- 
factory crops  of  clover. 

It  should  not  be  confused  with  complete  destruction  of  the  young  plants  by 
late  spring  frosts,  nor  with  a  disease  of  clover  which  causes  a  wilting  and 
browning  of  the  leaves  and  the  appearance  of  black  spots  on  the  stems. 

The  Experiment  Station  is  desirous  of  obtaining  more  definite  knowledge 
on  this  point  and  to  this  end  the  request  is  made,  that  parties  who  may  own  or 
know  of  fields  in  which  the  conditions  at>ove  described  have  been  observed,  will 
communicate  with  the  Station  and  permit  it  to  take  a  few  bushels  of  soil  for 
examination  in  its  soil  laboratories. 

No.  308.    November  IS,  1909.    Purchasing  seeds  and  frutt  trees. 

Many  inquiries  come  to  the  Ohio  Experiment  Station  regarding  the  best 
firms  of  which  to  buy  fruit  trees  and  seeds. 

We  have  no  means  of  knowing  which  firms  are  honest  and  which   are   not 

Most  nur8er3rmen  and  seedsmen  try  to  keep  their  stock  pure  and  the  variet- 
ies true  to  name,  but  they  often  buy  of  others  and  mistakes  may  occur  in 
handling.  If  nurserymen  and  seedsmen  are  to  be  censured  more  than  other 
business  men  for  lax  methods,  it  is  because  they  get  stock  from  doubtful 
sources,  by  exchange  or  purchase,  and  because  they  so  often  take  the  liberty  of 
substituting  a  variety  which  is  **just  as  good**  for  the  one  ordered.  Even  if 
the  Station  could  inspect  twice  a  year  the  stocks  of  several  hundred  firms  in  the 
state,  who  deal  in  trees  and  seeds,  it  would  not  be  possible  to  determine 
whether  the  varieties  which  are  found  growing  were  true  to  name.  Much  less 
would  it  be  possible  to  arrive  at  any  conclusion  as  to  the  results  after  ex- 
changes have  been  affected  by  the  dealers  and  substitutions  made,  so  that 
orders  may  be  filled. 

The  Station  officials  are  cognizant  of  the  fact  that  it  is  hard  to  find  pure 
stocks  of  trees  and  seeds,  for  many  varieties  comes  to  it  wrongly  named. 

There  is  no  complete  remedy  for  this  state  of  affairs  but  it  is  a  g^ood  plan  to 
learn  something  of  a  man's  reputation  through  his  neighbors  before  buying 
trees  of  him.  Then  go  early  in  the  season  and  examine  his  trees.  If  an  order 
is  given  specify  that  the  trees  must  be  of  his  own  growing  and  that  there  m$ui 
be  no  substituting.  If  ordering  from  a  distant  firm  select  those  who  advertise 
in  first-class  periodicals  and  specify  as  before,  no  substituting 

No.  309.     March  14,  1910.     Does  farm  poultry  pay? 

In  January  of  this  year  eggs  were  retailing  in  Cleveland  and  in  many  other 
cities  in  Ohio  at  55  cents  per  dozen.  During  much  of  the  winter  they  were  sell- 
ing at  40  cents  or  higher.  These  prices  almost  prohibited  the  use  of  eggs  as  an 
article  of  food,  and  caused  many  consumers  to  jump  at  the  conclusion  that  there 
was  easy  money  in  egg  production. 
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Careful  inquiry  amoog*  a  number  of  farmers  would  seem  to  indicate  that 
not  to  exceed  5  percent  of  the  hens  were  laying  at  all  during"  these  months  of 
high  prices,  and  that,  had  the  producer  received  for  -his  product  the  price  paid 
by  the  consumer,  he  would  still,  in  many  cases,  have  been  a  loser.  Certain 
farms  reporting  to  the  Ohio  Experiment  Station,  at  Wooster,  show  an  egg  cost 
of  from  7  to  13  cents  each  for  the  month  of  January.  This  does  not  argue  that 
the  poultry  enterprise  on  these  farms  is  an  unprofitable  one  as  a  whole,  for  the 
entire  year  would  have  to  be  considered  before  arriving  at  a  conclusion  regard- 
ing this;  whereas,  no  data  are  as  yet  available  for  consideration  in  this 
connection. 

The  Experiment  Station  is,  however,  conducting  an  investigation  along 
this  line  in  cooperation  with  an  increasing  number  of  farmers  and  poultrymen 
throughout  the  State  and  will  doubtless  secure  data  which  will  have  a  very 
distinct  bearing  upon  the  cost  of  living.  The  value  of  work  of  this  kind  can 
scarcely  be  overestimated.  All  accurate  information  regarding  the  cost  of 
production  will  serve  to  bring  the  producer  and  consumer  closer  together. 

No.  310.    March  21,  1910.    Are  we  growing  the  best  varieties   of  corn 

IN  THIS  COUNTY? 

The  Ohio  Experiment  Station,  in  cooperation  with  the  Ohio  Corn  Improve- 
ment Association,  is  making  a  study  of  the  varieties  of  com  in  Ohio.  In  1909 
fourteen  counties  had  one  or  more  county  or  township  variety  tests.  The  most 
of  the  varieties  tested  were  those  which  some  of  the  best  farmers  in  that  com- 
munity were  g^rowing.  The  Experiment  Station  provided  seed  of  some  of  the 
other  best  known  varieties.  Eighteen  of  these  tests  were  carried  through  in 
such  a  way  that  the  results  are  of  scientific  value. 

The  average  yield  of  the  poorest  variety  in  these  tests  was  35.4  percent  less 
than  the  average  yield  of  the  best  variety.  The  two  poorest  varieties  in  each 
test  averaged  30.2  percent  lower  than  the  two  best.  In  eight  of  the  tests  the 
winning  variety  was  a  local  one.  In  the  other  ten  an  outside  variety  led  the 
list.  In  no  case,  however,  was  the  winning  variety  from  outside  the  State. 
Comparing  the  yield  of  the  local  varieties,  the  poorest  was  27.1  percent  less 
than  the  best. 

The  average  yield  of  the  State  in  1909  was  39.5  bushels.  The  best  and.the 
poorest  yielding  varieties  are  both  represented  in  this  average.  Thia  being 
true,  then  if  all  the  farmers  in  the  State  would  grow  the  best  variety,  the  State 
yield  would  surely  be  increased  from  10  to  15  percent.  Thirteen  and  five-tenths 
percent  increase  would  amount  to  5  1-4  bushels  per  acre  or  15,000,000  bushels 
in  total  yield. 

A  large-plot  variety  test  in  any  locality  would  be  of  much  value  to  all  the 
com  growers  in  that  neighborhood.  We  would  call  this  to  the  attention  of  our 
corp  men.  If  arrangements  cannot  be  made  for  such  a  test,  then  each  progres- 
sive grower  will  certainly  find  it  profitable  to  try  at  least  one  good  variety  in 
comparison  with  his  own.  If  in  doubt  as  to  methods  write  to  the  Experiment 
Station  at  Wooster. 

No.  311.  March  28,  1910.  Examine  yottr  seed  potatoes  for  dky-rot. 
Diseased  seed  will  grow  a  diseased  crop. 

Potatoes  in  Ohio,  both  early  and  late  varieties,  suffered  severly  in  1909 
from  premature  dying  due  to  Fusarium  blight,  which  causes  dry-rot  in  the 
tubers. 
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The  Botanical  Department  of  the  Ohio  Experiment  Station  wishes  to  warn 
growers  so  they  may  avoid  the  losses  which  might  otherwise  come  from  planting 
diseased  seed  potatoes.  Aside  from  reduced  yield  or  premature  dying  last  year, 
every  one  needs  to  examine  his  seed  tubers  before  cutting  for  planting.  If 
potatoes  for  cooking  are  being  used  from  similar  stock,  then  the  women  of  the 
household  will  find  the  disease  wherever  present. 

The  disease  shows  as  dark  or  black  spots  running  through  the  potato  from 
the  stem  end.  Usually  the  stem  end  of  the  potato,  when  diseased,  will  show  a 
sunken  appearance  around  the  stem.  In  any  case  the  dark  spots  show  in  the 
tubers  when  cut  across  near  the  stem  end  with  a  knife;  in  cases  of  bad  infection, 
the  black  spots  may  run  half  way  through  the  tubers.  Where  the  infection  is 
slight,  it  may  occur  only  near  the  stem  end.  Of  course,  some  of  the  tubers  may 
be  free  from  spots,  and  these  are  safe  for  planting  on  new  land,  but  the  disease 
lives  over  in  the  soil  as  well  as  in  the  tubers. 

Where  the  disease  has  not  penetrated  more  than  one  third  of  the  length  of 
the  potato,  the  half  of  the  potato  toward  the  bud  end  may  be  used  for  seed  with 
better  promise.  In  such  cases,  the  knife  used  for  cutting  should  be  dipped  in  a 
solution  of  corrosive  sublimate,  formaldehyde  or  carbolic  acid  after  cutting 
disesed  tubers,  and  before  cutting  others. 

The  point  of  this  warning  is  to  enable  growers  who  have  potatoes  on  hand, 
to  examine  at  once  and  note  whether  their  own  seed  is  safe  to  plant.  The  usual 
seed  treatment  for  scab,  etc.,  will  be  very  useful  to  kill  dry-rot  spores  which 
may  adhere  to  tubers,  and  may  be  applied  to  the  healthy  portions  after  sepa- 
ration from  the  diseased  parts  of  potatoes. 

Another  reason  for  advanced  warning,  is  the  possible  loss  to  the  potato 
grower  who  has  many  bushels  of  stock  on  hand.  These  which  show  disaese 
may  be  used  to  some  advantage  in  feeding  live  stock  after  cooking.  They  have 
a  fair  value  in  this  way  for  pig  feeding. 

If  seed  potatoes  are  to  be  bought,  it  is  advisable  to  secure  stock  from 
northern  points.  Doubtless  many  northern  potato  regions  have  less  disease 
than  the  more  southerly  ones.  We  have  found  very  little  in  samples  received 
from  Red  River  Valley  and  from  some  parts  of  Michigan.  The  same  may 
apply  to  northern  New  York  and  northern  New  England.  In  all  cases  pur* 
chasers  should  examine  stock  if  possible  before  receiving  it.  Any  good  knife, 
good  light  and  a  careful  operator  will  insure  success.  Samples  of  seed  tubers 
sent  to  the  Experiment  Station  will  be  examined  without  charge,  reports  made 
to  the  sender. 

No.  312.     March  28,  1910.     Ohio  pastures. 

Ohio  pastures  with  the  woodland,  which  unfortunately  is  all  more  or  less 
pastured,  constitutes  a  portion  of  the  State  considerably  in  excess  of  the  entire 
cultivated  area.  The  pastures  alone  cover  more  than  one-third  of  the  entire 
area  of  the  State.  This  might  aptly  be  styled  the  "Neglected  One-Third," 
because  throughout  the  State  far  less  care  and  attention  are  given  to  the  main- 
tenance and  improvement  of  the  pastures  than  to  any  other  part  of  the  farm 
enterprise.  In  the  farm  crop  section  of  the  State  the  permanent  pasture  is 
made  up  quite  largely  of  the  untillable  part  of  the  farm.  The  **plow'*  land  is 
considered  too  valuable  for  pasture,  and  yet  some  data  are  at  hand  to  show 
that  a  well  managed  pasture  in  the  heart  of  the  com  belt  has  yielded  a  net 
return  per  acre  in  excess  of  that  received  from  com.  From  some  of  the  lime- 
stone hills  of  southeastern  Ohio  cattle  that  top  the  market  at  Pittsburg  are 
finished  on  bluegrass.  During  the  grazing  season  400  lbs.  gain  per  acre  for 
cattle  and  600  lbs.  for  sheep  have  been  reported.  If  our  pasture  lands  are 
capable  of  such  returns  as  this,  do  they  not  deserve  better  treatment? 
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The  Ohio  Exx)eriinent  Station  wishes  to  secure  weighing*  tests  of  guin  per 
aLcre  from  all  classes  of  livestock  on  pasture,  and  invites  the  cooperation  of 
^3.rmers  generally  in  this  connection.  A  little  trouble  in  ascertaining  the 
weights  of  stock  as  they  go  onto  g^^ass  this  spring  will  be  of  much  interest  at 
selling  time.  It  may  help  us  to  put  a  proper  valuation  on  the  pasture  land, 
cLnd  it  may  show  the  necessity  of  improving  it.  The  care  and  management  of 
ttke  pasture — reseeding,  cultivation,  and  fertilizing — are  all  farm  problems  in 
which  the  Experiment  Station  is  ready  to  assist  the  farmer. 

No.  313.    June  13,  1910.     The  blade  blight  or  yellowing  of  oats. 

This  disease  is  again  prevalent.  Its  cause  is  definitely  known  to  be  due  to 
a,  specific  bacterium,  and  its  progress  is  favored  by  cloudy,  rainy  weather. 
Xhe  disease  begins  as  small,  yellow  centers  on  the  blades  or  as  long,  marginal 
lesions  occupying  one  or  both  edges  of  the  leaf,  sometimes  yellowing  the  whole 
leaf  and  even  extending  down  the  sheath.  Often  the  points  of  infection  are  so 
plentiful  as  to  become  confluent,  causing  a  yellow,  mottled  appearance  of  the 
IV hole  leaf.  Short  periods  of  sunshine  cause  the  infested  areas  to  turn  quickly 
brown  or  red. 

The  amount  of  loss  occasioned  by  this  disease  is  exceptionally  large  during 
certain  seasons.  In  1907  many  of  the  fields  suffered  a  loss  of  one-half  to  two- 
thirds  of  the  crop,  producing  oats  weighing  only  22  to  25  pounds  to  the  bushel. 
This  is  explained  by  the  impaired  foliage. 

Soils  which  are  of  high  fertility  certainly  favor  the  oats  and  it  may  possibly 
pay  to  stimulate  the  oats  crop  with  a  light  dressing  of  a  mixture  of  one  par; 
nitrate  of  soda  with  two  parts  acid  phosphate,  although  this  has  not  been 
demonstrated.  At  any  rate,  the  fertilizer  will  not  be  lost  if  the  oats  is  followed 
by  wheat. 

As  noted  in  Bulletin  210,  of  the  Ohio  Experiment  Station,  there  is  consider- 
able difference  in  the  resistance  shown  by  the  different  varieties.  This  is  again 
evident  in  1910,  on  the  oat  variety  plots  at  this  Station.  The  variety  ** Wide- 
awake" is  very  susceptible,  while  the  variety  * 'Sixty  Day**  and  its  strains  are 
quite  resistant. 

Bulletin  210,  which  treats  of  this  disease,  will  be  sent  upon  request. 

No.  314.  June  27,  1910.  How  to  fight  the  chinch  bug.  By  H.  A. 
Gossard. 

The  Ohio  Experiment  Station  sends  to  all  who  request  it  a  small  package  of 
fungus  culture  which  under  favorable  circumstances  assists  in  controlling  the 
chinch  bug.  It  cannot  be  relied  on,  however,  to  be  of  much  value  in  cool,  dry 
weather,  and  other  methods  of  control  are  more  certain.  Chinch  bugs  are  now 
abundant  in  many  wheat  fields  and  will  seriously  injure  adjacent  corn  fields  as 
soon  as  the  wheat  ripens,  unless  preventive  measures  are  adopted  at  the  right 
time.  As  soon  as  the  weather  will  permit,  after  the  grain  commences  to  ripen, 
plow  up  a  atrip  of  ground  about  ten  feet  wide  around  the  infested  fields,  then 
disk  and  drag  with  brush  bundles  until  the  soil  is  pulverized  into  a  fine  dust. 
Now  with  a  short  log,  from  eight  inches  to  one  foot  in  diameter,  or  with  a 
triangular  trough  made  by  nailing  two  boards  together  and  then  weighted  with 
stone,  make  a  furrow  by  dragging  back  and  forth  in  the  same  track  until  a 
good  ditch  has  been  made  across  the  line  of  chinch  bug  march.  Where  neces- 
sary, dress  the  sides  of  the  furrow  with  a  hoe,  making  sure  that  all  slopes  are 
even  and  dusty  so  that  the  bugs  will  be  certain  to  slip  back  to  Ihe  bottom  of  the 
furrow  when  they  attempt  to  ascend.     With  a  post-hole  digger  ^ake  holes  every 
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12  to  IS  feet  in  the  bottom  of  the  ditch  to  catch  the  bugfs  as  they  crawl  along  the 
bottom.  When  massed  in  the  holes  they  may  be  destroyed  by  pouring*  kerosene 
or  kerosene  emulsion  on  them,  or  a  block  of  wood  may  be  sawed  from  a  post  of 
suitable  size  and  a  rod  fastened  into  its  center,  this  being  used  as  a  ram  to 
crush  the  bugs  in  the  holes.  If  necessary,  use  the  post-hole  digger  to  clean  out 
the  dead  bugs  and  keep  the  holes  in  order.  Owing  to  rains  and  use,  the  dusty 
sides  of  the  furrow  may  become  passable  to  the  bugs,  in  which  case  it  may  be 
renewed  by  dragging  the  brush  bundle  through  it  again,  or  it  may  be  better  to 
make  a  new  ditch  parallel  with  the  old.  In  case  the  new  ditch  is  made,  the  old 
may  be  used  for  a  coal  tar  barrier.  The  sides  of  the  old  furrow  should  be 
firmed  with  a  hoe  so  dust  particles  will  not  rattle  down  on  the  tar. 
A  slender  line  of  tar  should  then  be  strung  along  the  bottom  of  the  furrow, 
or  it  may  be  poured  along  a  line  of  hardened  soil  just  outside  the  dust  furrow. 
A  water  pot  with  a  tubular  spout  is  a  good  vessel  for  distributing  the  tar. 
The  first  line  will  soak  into  the  ground,  but  soon  forms  a  hardened  cfust,  so 
that  a  second  line,  poured  onto  the  first  ^ve  or  six  hours  later,  will  give  good 
results.  The  tar  should  be  renewed  about  twice  per  day  during  the  migrat- 
ing period  of  the  insects,  which  usually  lasts  ten  days  or  two  weeks.  Post- 
holes  for  traps  may  be  dug  along  the  inside  of  this  strip  of  tar  and  bugs 
will  be  caught  notwithstanding  wet  weather.  Dr.  Forbes,  of  the  Illinois 
Station,  estimates  that  a  man  or  boy,  giving  all  his  time  to  guarding  the 
barrier  and  keeping  it  in  condition,  can  care  for  80  to  150  rods  of  barrier. 
The  tar  will  cost  about  25  cents  per  day  for  a  line  100  rods  in  length. 

If  by  chance  or  neglect  the  bugs  succeed  in  reaching  the  com,  spray  the 
outside  rows  with  kerosene  emulsion  before  the  insects  spread  over  the  field. 
Spraying  with  this  material  will  cost  less  than  $1.00  per  acre  for  ingredients. 
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Pine, 429 

Plum, 429 

Poplar, 431 

Potato, 431 

Primula,  436 

Privet,  436 

Pumpkin, 436 

Quince, 436 

Radish, 437 

Pea, 416 

Peach, 418 

Pear, 427 

Pelargonium, 428 

Peony,  428 

Peppers, 428 

Persimmon, 428 

Phlox, 428 

Rape, 437 

Raspberry, 437,  456 

Red-top, 438 

Rose, 438 

Rutabaga, 439 

Rye, 439 

Salsify, 440 

Sorghum, 440 


Soybean, 440 

Spinach, 441 

Snap-dragon, 441 

Squash, 441 

Solomon's  Seal, 441 

Spruce, 441 

Strawberry, 441 

Sugar-beet, 441 

Sweet-potato, 443 

Sweet-corn, 443 

Sycamore, 443 

Timothy, 444 

Tobacco,  444 

Tomato, 447 

Turnip, 451 

Verl)ena, 451 

Veronica, 451 

Vetch 451 

Vinca, 451 

Violet, 451 

Virginia  creeper, 451 

Walnut, 452 

Watermelon, 452 

Wheat, 452 
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THE  COMPOSITION  OF  WHEAT 

INFLUENCE  OF  VARIOUS  FACTORS  ON  THE  PHOSPHORUS, 

POTASSIUM  AND  NITROGEN  CONTENT   OF 

THE  WHEAT   PLANT. 

By  J.  W.  AMBS 

INTRODUCTION. 

The  subject  of  soil  fertility  is  necessarily  a  broad  and  complex 
ne.  It  involves  both  laboratory  and  field  research.  Investigations 
elating:  to  the  physical  and  biological  condition  of  soils,  their  chemi- 
al  composition  and  reactions  are  of  assistance  in  the  solution  of  this 
»roblem.  But  it  is  field  experiments,  carefully  planned  and  executed, 
vhich  determine  the  crop  producing-  capacity  and  fertilizer  require- 
Dents  of  a  given  soil. 

The  data  here  presented  are  the  results  of  analyses  of  w^heat 
;rops  grown  on  soils  on  which  the  fertility  investigations  of  this 
itation  have  been  conducted  for  15  years. 

Applications  to  the  soils  under  experiment,  of  barnyard  manures 
md  chemical  fertilizers,  in  various  combinations,  have  produced  re- 
sults which  are  becoming  more  and  more  valuable. 

In  order  to  determine  the  total  amounts  of  the  several  essential 
elements  removed  from  the  soil  by  crop  yields  it  is  necessary  to 
fnow  the  composition  of  the  crop  when  harvested.  Many  analyses 
>f  plants  have  been  made  by  chemists  in  Europe  and  America.  The 
results  published  in  the  various  agricultural  works  are  largely 
quoted  from  the  work  of  E.  WolflF,  and  show  wide  variations  in 
composition,  due  to  soil  and  climatic  conditions. 

To  secure  information  which  would  be  accurate  for  the  soils  on 
which  the  fertility  experiments  of  the  Station  are  being  conducted, 
analyses  have  been  made  of  the  several  crops  grown  on  these  soils. 
Owing  to  the  large  amount  of  accumulated  data,  it  has  been  deemed 
best  to  present  at  this  time  only  that  part  of  the  work  relating  to 
the  composition  of  the  wheat  plant. 
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CROPS  ANALYZED 

The  crops  analyzed  were  sampled  from  the  plots  of  the  S-year 
rotation  fertilizer  tests  on  the  Wooster  and  Strongsville  soils,  and 
from  those  of  the  barnyard  manure  and  continuous  culture  ex- 
periments at  Wooster.  For  the  years  1907  and  1908,  samples  of 
grain  and  straw  were  secured  from  the  east  and  west  halves  of  the 
Wooster  5-year  rotation  plots,  which  have  received  applications  of 
lime  at  different  times.  For  the  same  years  samples  were  taken 
from  the  crops  grown  on  the  halves  of  the  Strongsville  5-year 
rotation  plots,  to  which  rock  phosphate  and  lime  have  been  applied. 

For  a  complete  description  of  the  several  fertility  experiments 
the  reader  is  referred  to  Bulletins  159,  182, 183  and  184,  of  this  Sta- 
tion, by  Director  Chas.  E.  Thorne. 

The  analytical  data  include  the  nitrogen,  phosphorus  and 
potassium  content  of  the  grain  and  straw*  for  the  different  years, 
as  given  in  detail  in  the  tabulated  results. 

Especial  credit  is  due  to  Mr.  L.  L.  LaShell,  who  assisted  in 
securing  samples  and  made  most  of  the  analytical  determinations 
reported. 

VARIATIONS  IN  COMPOSITION 

Our  analyses  of  some  200  samples  of  wheat  grain  and  straw 
show  a  considerable  variation  in  their  phosphorus,  potassium  and 
nitrogen  content.  The  maximum  and  minimum  percentages  founds 
together  with  an  average  of  all  determinations  made,  are  as  stated 
below: 

TABLE  I— PERCENTAGE  COMPOSITION  OF  WHEAT  GRAIN  AND  STRAW 


Grain 

straw 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Average 

Percent 
2.6001 

0.4841 

0.4775 

Percent 
1.4823 

0.2683 

0.2565 

Percent 
1.9750 

0.3486 

0.3547 

Percent 
1.1361 

0.U48 

1.2462 

Percent 
0.2104 

0.0273 

0.4921 

Percent 
0.5260 

0090$ 

0.8304 

The  differences  between  the  highest  and  lowest  results  ex- 
pressed in  percents  are  approximately  uniform  for  the  three  con- 
stituents in  the  wheat  grain;  the  results  for  the  straw  show  greater 
variations. 

VARIATION  IN  COMPOSITION 

Grain  Straw 

Percent  Percent 

Nitrogen .*. 42.99  81.48 

Phosphorus 44.58  76.20 

Potassium 46.27  60.51 

*Tbe  Btraw  includes  both  straw  and  chaflF. 
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The  work  of  numerous  investigators,  the  most  extensive  of 
which  is  probably  that  of  Lawes  and  Gilbert,*  demonstrates  clearly 
that  conditions  affecting-  the  development  ^nd  maturity  of  a  crop  are 
responsible  for  variation  in  composition. 

The  absorption  by  a  plant  of  an  essential  mineral  element  is  a 
physiological  process,  and  depends  upon  its  vital  activities.  These 
activities  may  be  afifected  by  any  of  the  conditions  which  influence 
crop  growth  and  yields.  The  principal  factors,  therefore,  which 
influence  variation  in  composition  of  the  wheat  plant  may  be  anyone, 
or  a  combination  of  the  following  conditions:  Favorable  or  unfavor- 
able seasons,  composition  of  the  soil,  fertilizers  applied  to  the  soil, 
soil  moisture,  and  thickness  of  stand. 

SEASONAL  INFLUENCES 

Favorable  or  unfavorable  conditions  of  tempertiture  and  mois- 
ture influence  the  proportion  of  grain  to  straw,  and  the  deposition 
of  organic  matter  in  the  plant.  Wheat  kernels  having  a  high  starch 
content,  which  \s  associated  with  high  yields,  contain  correspondingly 
small  amounts  of  total  ash  and  nitrogen. 

Lawes  and  Gilbert  state  that  a  season  favorable  for  long  and 
continuous  growth  after  heading  produces  well-developed  kernels 
and  larger  yields;  that  in  the  better  matured  grain  of  favorable 
seasons,  produced  under  the  same  conditions  of  fertilization,  there 
is  a  lower  percentage  of  potash,  phosphorus  and  nitrogen. 

Comparing  the  phosphorus  content  of  the  wheat  from  Plot  2  in 
the  5-year  rotation  at  Wooster,  which  has  received  phosphorus  alone, 
with  the  average  of  the  ten  unfertilized  plots  for  the  years  1904,  1907 
and  1908,  the  results  given  below  show  a  greater  difference  in  com" 
position  due  to  season  than  to  supply  or  exhaustion  of  phosphorus  in 
the  soil.  The  nitrogen  results  for  the  ten  unfertilized  plots  and  Plot 
5,  to  which  nitrogen  alone  is  applied,  illustrate  further  the  effect  of 
conditions  varying  from  season  to  season. 

While  the  amounts  of  the  different  constituents  of  grain  and 
straw,  grown  under  the  same  conditions  of  fertilization,  vary  for  the 
different  years,  the  variation  in  composition  of  the  crops  from  plots 
differently  fertilized  is  relatively  the  same  for  most  of  the  years 
for  which  we  have  analytical  data. 

Aside  from  the  physiological  effects  of  temperature  and  mois- 
ture on  the  composition  of  plants,  there  exists  the  dissolving  action 
of  the  rain  and  dew  on  the  several  constituents  assimilated  during 
their  growth. 

''On  the  compodtion  of  the  ash  of  wheat  ffrain  and  straw.    London,  1884. 
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TABLE  II— BFPBCT  OP  SEASON  AND  PLANT  POOD  SUPPLIES  ON  THE  PHOSPHORUS 
AND  NITROGEN  CONTENT 

Phosphorus  content  of  wheat  ffrain  and  straw— Percent 


1904 

1907 

1908 

Maximum  rar* 

iationdueto 

season 

Treatment 

Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

Plot  2.  Dhosohorus.  

.395 
.366 
.029 

.072 

.105 

-.033 

.3839 
.3053 
.0786 

.0663 
.0548 
.0015 

.3545 
.3234 
.0311 

.0364 

.0469 

-.0105 

.0105 
.0607 

03S6 

Averaffeof  unfertilized  plots 

Difference  due  to  fertilization 

.0581 

Nitrogen  content  of  wheat  ffrain — Percent 


Plot  5,  nitroffen 

Averaffe  of  unfertilized  plots. 
Difference  due  to  fertilization . 


1902 

1904 

1905 

1906 

1907 

1906 

2.532 

2.146 

2.600 

2.400 

2.205 

2.000 

2.261 

2.086 

2.335 

2.100 

1.918 

1.771 

0.271 

0.060 

0.266 

0.300 

0.287 

0.229 

Maximum 

variation  in 

g-rain  due  to 

season 


.564 


Nitrogen  content  of  wheat  straw— Percent 


1902 

1904 

1907 

1906 

Maximum  variation  in  straw 
due  to  season 

.944 
.818 
.126 

1.056 
0.947 
0.109 

.602 
.488 
.114 

.580 
.444 

.136 

476 

Average  of  unfertilized  plots 

Difference  due  to  fertilization 

.503 

Numerous  investig-ators  have  observed  that  the  composition  of 
plants  varies  during*  the  different  stag-es  of  growth;  that  as  plants 
near  maturity  they  contain  smaller  amounts  of  mineral  matter  and 
nitrogen  than  at  earlier  periods.  Wilfarth,  Romer  and  Wimmer/ 
from  their  work  which  consisted  of  elaborate  experiments  with  bar- 
ley, wheat,  peas  and  potatoes,  draw  the  conclusion  that  the  elements 
of  nutrition  which  are  not  stored  as  reserve  material  in  the  tissues 
of  the  plant  migrate  down  through  the  stem  and  thence  to  the  soil 
through  the  roots. 

Mulder*  attributes  the  variatioain  composition,  found  on  analyz- 
ing a  plant  at  different  stages  of  growth,  to  the  removal  of  a  con- 
siderable part  of  the  several  constituents  by  rain. 

Johnson^  states  that  excess  of  mineral  substance  may  be  de- 
posited upon  the  surface  of  leaves  and  stems  and  be  removed  by  rain. 

iQn  the  assimilation  of  the  elements  of  nutrition  by  plants  during-  different  stairesof  their  growth 
Landw.  Vers..  Vol.  63, 1905. 

dChemie  der  Ackerkrume  2,  p.  ti05. 
"How  trops  grow,  p.  203. 
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The  investigrations  of  Le  Clerc  and  Breazeale/  who  worked  with 
plants  grown  under  conditions  which  prevented  water  from  coming* 
in  contact  with  the  foliage,  furnish  data  which  prove  that  as  the 
plant  approaches  maturity  the  salts  move  upward  toward  the  living- 
tissues  rather  than  downward  through  the  stems  and  roots  into  the 
soil.  They  also  found  that  considerable  portions  of  the  salts  thus 
deposited  were  removed  by  rain. 

INFLUENCE  OF  SOIL  AND  FERTILIZERS 

In  this  connection  may  be  considered  the  effect  of  the  deficiency 
of  essential  elements  of  nutrition,  and  the  supply,  whether  originally 
present  in  the  soil  or  furnished  by  mineral  fertilizers  and  manures. 
The  results  of  numerous  experiments  have  been  reported,  which 
Rive  evidence  that  the  application  of  fertilizers  to  depleted  soils  has 
increased  the  relative  amounts  of  the  several  essential  elements  re- 
moved by  various  crops. 

Lawes  and  Gilbert's  work  on  the  ash  of  wheat  crops,  obtained 
over  a  period  of  twenty  years  from  ten  differently  manured  plots, 
shows  that  the  ash  constituents  found  in  the  total  crop  have  been  in- 
creased, but  that  the  amounts  stored  in  the  g-rain  are  not  influenced 
to  any  great  extent  by  the  quantity  taken  up,  provided  this  is  not  de- 
ficient. 

More  recent  work  can  be  cited  which  gives  evidence  that  the 
composition  of  crops  is  influenced  by  the  supply  or  deficiency  of 
available  plant  food  in  the  soil.  Stutzer'  found  that  grain  grown  in 
pot  culture,  with  and  without  addition  of  phosphorus,  contained 
.297  percent  and  .375  percent  of  phosphorus.  Chavan,'  in  his  work 
on  the  influence  of  phosphorus  and  potassium  on  the  composition  of 
mixed  grasses,  grown  on  soils  differently  fertilized,  obtained  the 
following'  results: 


INFLUENCE  OP  PHOSPHORUS  AND  POTASSIUM  ON  THE 
COMPOSITION  OP  WHEAT-PERCENT 

Found  In  the  crop 

Fertilizers  applied 

Cellulose 

Carbohy- 
drates 

Ash 

Nitroffen 

Phos-      i      Potas- 
phorus     '       slum 

None                             

25  13 
30.50 
29. 17 
36.36 

53.08 
50.14 
47.94 
42.17 

6.47 
6.05 
6.82 
7.21 

1.64 
1.42 
1.76 
1.64 

O.ll 
0.24 
0.10 
0.25 

i.l7 
1.49 
2.12 
2.16 

Pbwphorus 

Potassium 

Phosphorus  and  potassium . . . 

^Plant  food  removed  from  plants  by  rain  and  dew.  Year  Book  U.  S.  D.  A.,  1908,  p.  389. 
'Landwlrtschaftllche  Versuchsstationen  Bd.  65. 1907. 
'Anmiaire  affrlcole  de  la  Suisse  1908,  p.  193. 
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Applications  of  phosphorus  and  potassium  have  increased  the 
amounts  of  these  elements  found  in  the  crop.  While  potassium  has 
increased  the  nitrogfen  content,  phosphorus  has  decreased  it.  The 
proportion  of  cellulose  increases  with  the  phosphorus  content  of  the 
crop.  This  is  attributed  to  the  fact  that  phosphorus  hastens  the 
maturing"  of  the  crop  and  produces  an  increased  yield  of  straw. 
The  addition  of  phosphorus  to  the  soil  has  also  increased  the  potas- 
sium content  of  the  crop. 

Hall,  in  a  paper  on  ''Analysis  of  the  soil  by  the  plant, "^  which 
discusses  the  composition  of  crops  grown  at  Rothamstead, concludes 
that  the  proportions  of  phosphoric  acid  and  potash  in  a  given  plant 
vary  according  to  the  amounts  available  in  the  soil,  as  measured  by 
the  response  of  the  crop  to  applications  of  phosphoric  acid  and 
potash;  that  these  variations  are  small  and  often  not  as  g^reat  as  those 
due  to  seasonal  conditions. 

It  has  frequently  been  observed  that  crops  g^rown  on  soil  lacking: 
in  fertility  contain  larger  proportions  of  total  mineral  matter  than 
those  grown  on  productive  soils.  The  statement'  has  been  made 
that  this  indicates  that  plants  grown  on  such  soils  are  able  to  assim- 
ilate more  mineral  matter  than  they  can  elaborate  into  plant  tissue. 
A  more  plausible  explanation  of  this  variation  is  furnished  by  the 
data  obtained  from  the  analysis  of  the  wheat  plant  grown  on  ex- 
hausted soil  under  different  conditions  of  fertilization. 

The  results  show  that  while  wheat  grown  on  the  unfertilized 
plots  of  the  Wooster  and  Strongsville  soils  contains  a  larger  percent- 
age of  nitrogen  and  total  mineral  matter  than  wheat  of  good  quality 
from  fertilized  plots,  the  addition  of  nitrogen  produces  wheat  of  as 
good  quality  and  having  a  higher  nitrogen  content  than  that  grrown 
on  depleted  soil,  and  that  the  addition  of  different  carriers  of  phos- 
phorus to  the  soil  increases  the  yield  of  gfrain  and  the  percentag-e  of 
phosphorus  found  therein.  These  results  indicate,  therefore,  that 
the  increased  percentage  of  mineral  matter  observed  in  the  crop 
grown  on  infertile  soils  is  due,  not  to  the  fact  that  the  soil  furnishes 
more  available  plant  food  than  the  plant  can  utilize,  but  rather  to  the 
lack  of  one  or  more  elements  essential  to  the  full  development  of 
the  plant's  organic  structure. 

COMPARISON  OF  THE  ANALYSES  OF  SOIL  AND  WHEAT  CROP 

The  relation  between  the  nitrogen,  phosphorus  and  potassium 
content  of  wheat  grain  and  straw  grown  on  the  Wooster  and  Strongs- 
ville unfertilized  soils;  the  percentages  of  total  nitrogen,  phosphorus 

iJoumalof  Affr.  Science.  Jan..  1906t  p.  65. 
SSoils  of  the  United  States;  p.  47. 
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and  potassium,  and  of  phosphorus  and  potassium  soluble  in  N/5  ni- 
tric acid  found  in  the  soil  are  g^iven  in  Table  III.  In  this  comparison 
the  results  for  the  same  year,  1908,  are  used  to  eliminate  seasonal 
variations. 

TABLB  III— RELATION  BBTWBBN  CONSTITUBNTS  OP  SOIL  AND  CROP 


In  crop 

In 

soil 

Soil 

Grain 

straw 

Entire  plant 

Total 

Soluble  in 

N/5  nitric 

acid 

N  itrogen— Percent 

Wooster 

St:iT>TiirfiviIle 

1.72 
2.09 

0.44 
0.42 

0.890 
1.076 

0.098 
0.193 

Phosphorus—  Percen  t 

^I^QQgt^^f          

0.3337 
0.3270 

0.0607 
0.0501 

0.161 
0.158 

0.034 
0047 

0003 

Slranirsville         . . 

0005 

F 

^otassiu  m — Percent 

^p^oogl^Qi* 

0.3605 
0.4069 

0.7843 
1.0264 

0.678 
0.782 

1.614 
1.957 

0063 

StronflTSville 

.0163 

The  total  nitrogen  content  of  the  Strongsville  soil  is  practically 
twice  that  of  the  Wooster  soil;  the  percentages  of  total  and  N/S 
nitric  acid-soluble  phosphorus  and  potassium  are  also  greater  in  the 
Strongsville  soil. 

The  percentages  of  nitrogen  and  potassium  in  the  crop  are  in 
accord  with  the  amounts  found  in  the  soils.  A  comparison  of  the 
amount  of  the  constituents  in  the  crop  with  those  available  in  the 
soil,  as  measured  by  the  increased  crop  yields  obtained  from  fertil- 
izers on  the  two  soils,  shows  that  the  analysis  of  the  crop  has  given 
a  correct  indication  of  the  available  nitrogen  and  potassium  supply. 
Table  IV,  taken  from  results  contained  in  Table  XVIII  of  Bulletin 
182,  by  Director  C.  E.  Thome,  gives  the  total  value  of  increase  from 
the  use  of  phosphorus,  nitrogen  and  potassium  alone  and  in  com- 
bination on  the  Wooster  and  Strongsville  soils. 

On  the  Strongsville  soil  applications  of  nitrogen  and  potassium 
alone,  or  in  combination,  have  produced  only  slight  increases,  which 
indicates  that  this  soil  contains  a  sufficient  supply  of  both  these  ele- 
ments. Phosphorus  alone  has  produced  a  much  greater  increase  at 
Strongsville  than  at  Wooster,  apparently  due  to  the  fact,  as  stated 
by  Director  Thorne  in  Bulletin  182,  **That  the  phosphorus  applied  at 
Strongsville  finds  already  in  the  soil  a  supply  of  available  nitrogen 
and  potassium,  whereas  at  Wooster  these  elements,  as  well  as  phos- 
phorus, must  be  furnished  before  the  full  needs  of  the  plant  can  be 
met." 
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TABLE  IV— FERTILIZERS  ON  CROPS  GROWN  IN  5-YEAR  ROTATION,  COMPARATIVB 
VALUE  OP  INCREASE  PER  ACRE  FOR  FIRST  TWO  ROTATIONS 


Plot 

Pertilizinsr  elements  added  per 
acre  in  total  rotation 

First  rotation 

Second  rotation 

No. 

Wooster 

Stronffsville 

Wooster        |    StronssTiUe 

2 
3 
5 

Phosphorub.  20  lbs 

Potassium,  108  lbs 

Nitroffen    76  lbs 

$8.18 
5.03 
4.56 

18.41 
13.88 
5.67 

25.33 
25.04 

$13.92 
0.67 
0.68 

17.79 
15.52 
3.29 

21.84 
21.85 

$16.39 
4.58 
10.19 

33.66 
23.24 
10.09 

40.54 
43.47 
35.07 

S21.79 
0.90 
1.05 

6 
8 
9 

Phosphorus.  20  lbs ' 

24.19 

18.97 
2.59 

Nitrogen.  76  lbs f 

PhosDhonis     20  lbs f 

Potassium,  lOSlbs f 

Potassium    108  lbs ' 

Nitroff-en    76  lbs           \ 

Phosphorus    20  lbs / 

U 

Pota«.sium     lOK  lbs  >■ 

23.62 

Nitrolren    76  lbs } 

Phosnhoma     20  lbs i 

12 

Potassium    108  lbs > 

25.17 

17 

Phosphorus,  30  lbs / 

Potassium,  108  lbs > 

Nitroiren,  38  lbs ) 

25.97 

The  relation  between  the  phosphorus  content  of  the  soil  and  crop 
is  the  reverse  of  that  found  in  the  case  of  the  nitrogen  and  potassium; 
the  percent  of  phosphorus  in  the  crop,  however,  is  in  accord  with  the 
previous  history  of  the  soils  and  the  increased  yields  from  the  use  of 
phosphorus  on  the  Strongsville  soil. 

The  higher  nitrogen  content  of  the  Strongsville  soil  may  have  a 
bearing  on  the  percentage  of  phosphorus  found  in  the  crop.  The  re- 
sults given  in  Table  V  show  that  the  addition  of  nitrogen  alone  in 
nitrate  of  soda  to  both  the  Wooster  and  Strongsville  soils  decreases 
the  amounts  of  phosphorus  in  the  grain  below  that  found  in  the  grain 
from  the  unfertilized  plots,  and  when  phosphorus  and  nitrogen  are 
used  in  combination  the  percentage  of  phosphorus  is  lower  than 
when  phosphorus  alone  is  applied. 

The  crops  from  Plots  11  and  12  on  the  Wooster  soil,  receiving 
phosphorus,  nitrogen  and  potassium,  have  a  lower  phosphorus  con- 
tent than  the  crop  from  Plot  6,  which  receives  phosphorus  and  nitro- 
gen only;  while  the  same  treatment  on  the  Strongsville  soil  increases 
the  phosphorus  above  that  found  in  the  crop  fertilized  with  phos- 
phorus and  nitrogen  only.  On  both  these  soils,  however,  the  addi- 
tional amount  of  nitrogen  on  Plot  12  has  decreased  the  percentage  of 
phosphorus  in  the  crop  as  compared  with  Plot  11. 
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TABLB  V— PHOSPHORUS  CONTENT  OP  WHEAT  CROP  GROWN  ON  WOOSTER 
AND  STRONGSVILLE  SOILS  IN  190e~PBRCENT 


Plot 


Treatment 


5 
2 

6 
11 


1 
Unfertilized  . 

Xitroffcn  — 

Pbospbonis.. 

Pbospbonis.. 
tNitroiren  — 


Phosphorus 
Potassium  • . 
Nitrogen    .. 


Phosphorus | 

Potassium ,- 

iNitroiren \ 


Wooster 


Grain 


Straw 


.3337 
.3245 
.3642 

.3422 
.3380 

.3337 


.0506 
.0589 
.0343 

.0331 
.0417 

.0372 


Entire 
plant 


.161 
.155 
.172 

.157 
.157 

.148 


Stromrsville 


Grain 


Straw 


.3270 
.2837 
.4122 

.3643 
.4191 

.4153 


.0601 
.0416 
.0447 

.0429 
.0458 

.0423 


Entire 
plant 


.158 
.128 
.186 

.176 
.197 

.180 


Further  illustrations  of  the  relation  between  the  composition  of 
the  crop  and  the  soil  are  furnished  by  the  analysis  of  the  crops 
grown  on  Strongsville  soils  receiving"  applications  of  insoluble  phos- 
phorus. Untreated  rock  phosphate,  or  floats,  containing  12  percent 
phosphorus,  has  been  applied  to  one-half  of  a  series  of  plots  devoted 
to  5-year  rotation  fertilizer  experiments  on  the  Strongsville  soil,  and 
lime  to  the  other  half.  The  average  results  for  four  otherwise  un- 
fertilized plots,  given  in  Table  VI,  show  a  marked  increase  in  the 
amount  of  phosphorus  in  the  crop  from  the  soil  receiving  phosphorus: 

TABLE  VI— EFFECT  OF  TREATMENT  OF  SOIL  ON  PERCENTAGE  OF  PHOSPHORUS 

IN  THE  CROP 


Treatmeiit 


Phosphorus 
in  grain 


Rock  phosphate • 
Lime 


.4645 
.2947 


Phosphorus 
in  btraw 


.0311 
.0354 


Phofiphorus  in 
entire  plant 


.203 
.114 


Phosphorus  in 
soil  soluble  in 
N/5  nitric  acid 


.01H6 
.0006 


The  complete  data  of  the  Strongsville  crops  for  the  year's  1908 
and  1909  are  given  farther  on. 

Table  VII  gives  the  percentages  of  phosphorus  found  in  the 
wheat  crop  grown  on  seven  plots  of  the  manure  experiment  on  the 
Wooster  soil,  the  amounts  of  phosphorus  soluble  in  N/5  nitric  acid 
being  also  shown.  Plots  2  and  3  receive  8tons  of  manure  reenforced 
with  floats,  and  Plots  5  and  6  the  same  amount  of  manure  reenforced 
with  acid  phosphate.  The  carriers  of  phosphorus  are  added  to  the 
manure  at  the  rate  of  40  lbs.  per  ton,  or  320  lbs.  per  acre;  the  rock 
phosphate  carries  39  lbs.  of  insoluble  phosphorus,  and  the  acid 
phosphate  20  lbs.  of  available  phosphorus  per  acre. 
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TABLE  VII-PHOSPHORUS  CONTENT  OP  WHEAT  CROP  GROWN  ON  SOIL  TREATED  WITH 
YARD  AND  STALL  MANURE  REBNPORCED  WITH  FLOATS  AND  ACID  PHOSPHATE 

PERCENT 


Plot 


Treatment 


Phoepborus 
in  rrain 

Phosphorus 
in  straw 

.3679 

.0531 

.3887 

.0657 

.4345 

.0757 

.3200 

.0482 

.4063 

.0648 

.4205 

.0636 

.3374 

.0476 

Phosptionis  in 
entire  plant 


Phosphorus  in  sdl 

soluble  in  N  ^ 

nitric  add 


None. 

Yard  manure  and  floats.  •  . . 

Stall  manure  and  floats 

None 

Yard  manure  and  acid  phosphate 
Stall  manure  and  acid  phosphate 
None 


.1431 
.1624 
.1803 
.1302 
.1621 
.1731 
.1414 


0003 
.0010 
.0024 
.0003 
.0005 
.0005 
.0003 


Althougfh  the  above  results  are  not  strictly  in  accordance  with 
the  total  amounts  of  phosphorus  applied,  taken  as  a  whole  there  are 
considerable  variations  in  the  phosphorus  content  of  the  crop  and 
soil  from  the  fertilized  and  unfertilized  plots. 

EFFECT  OF  LIME  ON  THE  PHOSPHORUS  ASSIMILATED  BY  THE 

WHEAT  CROP 

The  addition  of  lime  to  soils  having  an  insufficient  supply  exerts 
a  beneficial  effect  in  various  v^rays.  One  of  the  functions  attributed 
to  lime  is  its  action  on  the  insoluble  phosphates  w^hich  are  present  in 
the -soil,  chiefly  in  the  forms  of  calcium,  magfnesium,  iron  and  alumi- 
num phosphates.  The  increased  availability  of  these  phosphates 
may  be  due  to  a  chemical  reaction  between  the  lime  and  the  iron  and 
aluminum  phosphates,  as  well  as  to  the  more  favorable  biological 
conditions  produced  by  increasing*  the  lime  supply. 

When  phosphorus  in  the  soluble  form  is  applied  to  the  soil  it 
readily  combines  with  the  bases  present  and  forms  insoluble  phos- 
phates, and  it  is  reasonable  to  suppose  that  soils  supplied  with  an 
adequate  amount  of  lime  will  have  a  greater  proportion  of  their 
phosphorus  in  the  form  of  the  more  available  calcium  phosphates 
than  soils  deficient  in  lime. 

A  comparison  of  the  composition  of  the  wheat  crop  grown  on 
the  same  soil,  limed  at  different  intervals,  shows  that  the  crop  from 
the  more  recently  limed  soil  contains  the  larger  percentage  of  phos* 
phorus.  Associated  with  this  increased  amount  of  phosphorus  are 
the  same  variations  in  the  nitrogen  and  potassium  content  which  are 
produced  by  the  addition  of  available  phosphorus. 
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The  east  and  west  halves  of  sections  E  and  B,  in  the  S-year 
rotations  at  Wooster,  have  received  applications  of  lime  as  follows: 
The  west  half  of  Section  E  was  limed  in  1900,  and  the  east  half  in 
1905;  the  west  half  of  Section  B  in  1901,  and  the  east  half  S  years 
later,in  1906,the  lime  in  all  cases  heingr  applied  to  the  corn  crop.  The 
yields  of  grain  and  straw  obtained  from  both  ends  of  these  sections 
for  the  wheat  crops  of  1907  and  1908  are  irregular.  The  average 
yields  from  the  fertilized  and  unfertilized  plots  are  as  follows: 

TABLE  Vm— AVERAGE  YIELD  OF  WHEAT  IN  POUNDS  PER  ACRE 


1907 

1908 

Grain 

straw 

Grain 

Straw 

Date  of  liminar 

End  of  plot 

1905 
East 

1900 
West 

1905 
East 

1900 
West 

1906 
East 

1901 
West 

1906 
East 

1901 
West 

1.314 

877 

1.276 

784 

2.515 
1.586 

2,552 
1.531 

1,617 
1.065 

1.729 
1,240 

2,506 
1,668 

2,818 
2,103 

Averaireof  unfertilized  plots 

The  average  percentages  of  phosphorus,  nitrogen  and  potas- 
sium in  the  crops  are  set  forth  in  Table  IX,  page  12. 

The  phosphorus  content  of  the  grain  and  straw  is  uniformly 
greater  on  the  east  half  of  the  plots,  and  the  nitrogen  percentages 
are  greater  on  the  west  half.  Although  the  percentage  of 
potassium  in  the  entire  plant  is  greatest  on  the  west  half,  the 
results  show  an  increased  amount  in  the  grain  from  the  more 
recently  limed  soil.  Table  X,  page  13  shows  that  the  addition  of 
available  phosphorus  to  the  soil  increases  the  phosphorus  and  de- 
creases the  nitrogen  and  potassium  in  the  wheat  plant,  and  causes  a 
greater  transference  of  potassium  from  the  straw  to  the  grain. 

A  survey  of  these  results  in  connection  with  those    set  forth  in 

Table  IX  gives  evidence  of  the  efiFect  of   lime    on  the  insoluble  soil 

phosphates. 

PHOSPHORUS  CONTENT 

Approximately  80  percent  of  the  phosphorus  which  is  present 
in  the  wheat  plant  at  maturity  is  contained  in  the  grain  as  organic 
phosphorus.  The  ratio  of  phosphorus  in  the  grain  to  that  in  the 
straw  is  not  uniform  for  the  crops  grown  under  different  conditions 
of  fertilization.  With  an  increased  supply  of  available  phosphorus 
there  is  a  tendency  toward  a  greater  transference  of  phosphorus 
from  the  straw  to  the  grain. 

The  addition  of  nitrogen  to  the  soil  not  only  decreases  the  total 
phosphorus  content  of  the  plant,  but  also  causes  a  greater  propor- 
tion of  the  phosphorus  to  be  retained  in  the  straw;  this  is  probably 
due  to  the  effect  of  nitrogen  in  prolonging  the  period  of  growth. 


Digitized  by 


Google 


12 


OHIO  EXPERIMENT  STATION:  BULLETIN  221 


H 
Z 


X 
^ 

H 
X 
H 

Bt< 
O 
H 
Z 

g 

z 
o 
o 

z 

o 
o 

H 

Z 

Q 

Z 


s 

cu 

CO 

O 
CU 

z 

O 

S 

O 


(4 

I 
X 


I 


II 


i 


11 


i| 


il 

S3 


g  i  § 


s  s  § 


S 


i  I 

00      <D 


J3 

I 


II 


!; 


I 


g  g  g 


i  1 

00       00 


6 

1 


I 


%l 

t  i 

it 

ii 

I 

■s  's 


Q  m 


•<    o    ft< 


1^1 

<     O     Ph 


S 


1^ 


es      M       ** 

"<    o    S 


Digitized  by 


Google 


THE  COMPOSITION  OF  WHEAT 


13 


lO      lO      1^       KB 

I   §   i   § 


iiii 


••^     ?5     fe 

^  §  I 


I  M 

Oi    '■i    ^ 


s  ? 


g  g  s  g 

iIL     »^     Sk     ^-^ 


ii 


5«    S«    JO    ► 


I  I 


y  §  §  si 


s 


i 


i  I  i  ^ 

i=     09     S»     OS 


r  p  P  7 

^   ^    i  S 

S    »    K  2 


5  ii 


2  s 


I 

1 


Digitized  by 


Google 


14  lO  EXPERIMENT  STATION:  BULLETIN  221 

Table  XI  shows  the  percentages  of  phosphorus  found  in  the 
grain  and  straw  and  in  the  entire  plant,  and  the  pounds  removed  per 
acre  by  the  wheat  crop  grown  on  the  30  plots  of  the  S-year  rotation 
fertility  work  at  Wooster.  An  inspection  of  these  results  shows 
that  in  general,  the  percentage  of  phosphorus  found  in  the  wheat 
grain  has  varied  with  the  total  quantity  of  phosphorus  given  in  the 
fertilizer,  excepting  that  the  presence  of  nitrate  of  soda  in  the 
fertilizer  seems  to  have  had  a  restraining  influence  on  the  deposit 
of  phosphorus. 

It  seems  that  the  addition  of  potassium  alone  (Plot  3)  has 
increased  the  deposit  of  phosphorus  in  the  grain,  whereas  the 
nitrate  of  soda  used  alone  (Plot  5)  or  with  potassium  (Plot  9)  has 
reduced  the  phosphorus  in  the  grain  below  that  from  the  unfer- 
tilized land.  Plot  15,  fertilized  only  on  wheat,  and  Plot  14,  fertilized 
on  corn  and  wheat  only,  stand  between  the  partially  fertilized  plots 
S  and  9,  on  the  one  hand,  which  receive  no  phosphorus  in  the  fer- 
tilizer, and  Plots  6,  11,  26,  27  and  29,  on  the  other  hand,  which  re- 
ceive the  complete  application  on  the  three  cereal  crops,  corn,  oats 
and  wheat,  the  nitrogen  for  all  being  carried  in  nitrate  of  soda;  there 
being  a  gradual  transition  in  the  phosphorus  content  of  the  grain  in 
the  three  groups.  Plot  12,  receiving  the  maximum  application  of 
nitrate,  shows  a  slight  reduction  in  crop  phosphorus,  as  compared 
with  the  group  receiving  less  nitrate  associated  with  the  same 
quantity  of  phosphorus. 

In  the  next  group,  receiving  30  pounds  of  phosphorus  and  38 
pounds  of  nitrogen.  Plot  17,  receiving  its  nitrogen  in  nitrate  of  soda, 
shows  practically  the  same  percentage  of  phosphorus  in  the  crop  as 
the  group  receiving  20  pounds  of  phosphorus  and  76  pounds  of 
nitrogen,  but  all  the  plots  to  which  the  nitrogen  is  applied  in  organic 
form  show  increased  percentages  of  phosphorus  in  the  crop, 
excepting  Plot  20,  which  receives  the  small  dressing  of  8  tons  of 
yard  manure,  4  tons  each  on  corn  and  wheat.  If  we  compare  the 
yield  of  this  plot  with  that  of  Plot  14,  which  receives  chemical 
fertilizers  on  corn  and  wheat  only,  it  would  seem  that  the  con- 
stituents of  the  yard  manure  have  been  less  effective,  pound  for 
pound,  than  those  of  the  chemicals,  and  this  may  be  the  explanation 
of  this  apparent  discrepancy.  When  the  manure  hag  been  applied 
in  the  larger  quantity,  on  Plot  18,  we  find  the  phosphorus  rising 
in  the  grain. 

Apparently,  sulphate  of  ammonia  has  also  had  a  slightly 
restraining  effect  on  the  deposit  of  phosphorus,  though  less  marked 
than  in  the  case  of  nitrate  of  soda. 
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Finally,  the  efifect  of  an  excess  of  available  phosphorus  in  the 
soil  over  the  nitrogen  supply  is  again  shown  in  the  high  percentage 
of  phosphorus  in  the  crops  grown  on  Plots  2  and  8.  It  is  interesting 
to  compare  these  plots  with  numbers  5  and  9,  both  with  reference  to 
total  yields  and  to  composition  of  the  grain. 

The  larger  percentage  of  phosphorus  in  the  grain  from  Plot  29 
is  in  harmony  with  the  effect  of  lime  previously  noted,  the  phosphor- 
us carrier  for  this  plot  being  basic  slag.  On  Plot  26  the  phosphorus 
carrier  is  raw  bonemeal  and  on  Plot  27  it  is  dissolved  boneblack.  On 
all  the  others,  except  the  manured  plots,  it  is  acid  phosphate. 

The  average  results  shown  in  Table  XI  are  summarized  in 
Table  XII. 

TABLE  XII-AVBRAQB  PBRCBNTAGB  OP  PHOSPHORUS  IN  THB 
WHBAT  GRAIN  AT  WOOSTBR 


Treatment 

Phosphorus 
m   gram 

IJnfertilissed 

Percent 
.3143 

Nitrogen  or  potassium  without  phosphorus 

.3080 

Phosphorus,  without  nitrogen 

Phosohorus.  with  nitrate  of  soda. 

.3690 
.3332 
.3615 

Phosphorus,  with  organic  nitrogen 

In  the  Stroogsville  experiments,  as  in  those  at  Wooster,  the 
wheat  is  grown  in  a  5-year  rotation  of  corn,  oats,  wheat  and  clover 
on  five  tracts  of  land,  Sections  A,  B,  C,  D  and  E,  each  crop  bein^^ 
grown  every  year.  The  wheat  crops  of  1908  and  1909  were 
harvested  from  Sections  E  and  A.  In  1901  and  1902  one  half  of 
each  of  these  sections  was  dressed  with  quicklime,  applied  at  the 
rate  of  one  ton  per  acre.  In  September,  1905,  the  limed  half  of 
Section  E  received  another  dressing  of  lime,  applied  to  one  half 
(one-fourth  of  the  entire  tract)  at  the  rate  of  one  ton  and  to  the 
other  half  at  two  tons,  per  acre,  and  the  unlimed  half  received  an 
application  of  finely  ground  phosphate  rock,  or  floats,  applied  to 
one  quarter  at  the  rate  of  one-half  ton  and  to  the  other  quarter  at 
one  ton  per  acre. 

In  the  spring  of  1907  Section  E  was  dressed  with  lime  and 
floats  applying  both  materials  at  the  rate  of  one  ton  and  two  tons 
per  acre. 

The  composition  of  the  wheat  harvested  in  this  experiment  in 
1908  and  1909  has  been  determined,  with  the  results  shown  in 
Table  XIU. 
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TABLB  XUI— PHOSPHORUS  CONTBI»rr  OP  WHBAT  CROP  GROWN  ON  STRONGS. 
VILLE  SOIL.     AVERAGE  RESULTS  FOR  HALVES  OF  PLOTS 
RECEIVING  LIMB  AND  FLOATS  1908-1909 


Fertilizinff  elemeDts  per 
acre  lor  one  5-year 

Phosphorus  in 

Plot 

rotatioQ 

Grain 

Straw 

Entire 

plant 

No. 

Phos- 
phorus 

Potas- 
Bium 

Nitro- 
iren 

PloaU 

Lime 

Floats 

Lime 

Floats 

Lime 

Lbs. 

Lbs. 

Lbs. 

Percent 

Percent 

Percent 

Percent 

Percent 

ATeraffe 
unfertilized 

.4302 

.3108 

.0467 

.0428 

.1877 

.1368 

2 

20 

... 

.4069 

.4119 

.0480 

.0424 

.1964 

.1718 

3 

108 

.4002 

.3113 

.0426 

.0391 

.1822 

.1362 

5 

76 

.4176 

.2806 

.0366 

.0363 

.1691 

.1172 

6 

20 

76 

.4621 

.3744 

.0389 

.0369 

.2003 

.1678 

8 

20 

108 

.4527 

.3062 

.0404 

.0468 

.1997 

.1811 

9 

106 

76 

.4286 

.3160 

.03^ 

.0346 

.1096 

.1370 

U 

20 

108 

76 

.4004 

.4396 

.0460 

.0469 

.1969 

.1862 

12 

20 

106 

114 

.4820 

.4301 

.0466 

.0463 

.1975 

.1899 

This  table  shows  that  the  percentage  of  phosphorus  in  the 
wheat  is  decidedly  higher  on  the  land  treated  with  floats  than  on 
that  dressed  with  lime,  and  that  it  is  higher  in  the  crop  of  1909, 
following  the  larger  application  of  floats,  than  in  that  of  1908, 
whereas  the  wheat  grown  on  the  limed  land  shows  less  phosphorus 
in  1909  than  in  1908.  In  1908  the  further  addition  of  phosphorus 
in  the  fertilizer  has  caused  an  increase  in  the  phosphorus  per- 
centage of  the  grain,  but  in  1909  the  large  dressing  of  floats  has 
apparently  furnished  all  the  phosphorus  the  plant  could  utilize. 

The  average  results  shown  in  Table  Xlll  are  summarized  in 
Table  XIV: 

TABLE  XIV- AVERAGE  PERCENTAGE  OF  PHOSPHORUS  IN  THE 
WHEAT  GRAIN  AT  STRONGSVILLE 


Year  and  cross  dressinir 

Plot  treatment 

1908 

1909 

Floats 

Lime 

Floats 

Lime 

Percent 
.4030 

.4168 

.4449 

.4572 

.4287 

Perceut 
.3270 

.2837 

.4122 

.3643 

.4173 

.4646 
.4182 
.4689  . 
.4671 
4736 

Percent 
.2947 

2775 

Phosphorus,  without  nitrogen  or  potassium 

Phosphorus,  with  nitrate  of  soda  only 

Phosphorus,  potassium  and  nitroffen 

.4116 
.3845 
.4522 

It  will  be  observed  that  the  reenforcement  of  phosphorus  with  po- 
tassium,and  with  nitrogen  in  nitrate  of  soda,  has  apparently  increased 
the  deposit  of  phosphorus  in  the  grain  at  Strongsville,  an  effect   the 
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Opposite  of  that  observed  at  Wooster.  On  referring  to  Table  IV 
we  see  that  the  efFect  of  both  nitrogren  and  potassium  on  the  total 
yield  has  been  much  smaller  at  Strong^sville  than  at  Wooster,  an 
effect  in  harmony  with  the  analysis  of  the  two  soils.  The  effect 
of  the  carriers  of  organic  nitrogren  on  the  composition  of  the  grain 
has  not  yet  been  studied  at  Strongsville. 

TABLE  XV— POTASSIUM  CONTENT  OP  WHEAT  CROP  GROWN  IN  5- YEAR 
ROTATION  AT  WOOSTER:    AVERAGE  RESULTS  POR  1907  and  1906 


Plot 

Treatment 
for  5-year  rotation 

Potassium  in 

Averaflre   yield 
for  1907-1908 

Potas- 
sium 
removed 

No. 

Phos- 
phorus 

Potas- 
sium 

Nitro- 
gen 

Grain 

Straw 

Entire 
plant 

Grain 

straw 

by  ffrain 

and 

straw 

Lbs. 

Lbs. 

Lbs 

Percent 

Percent 

Percent 

Bus. 

Lbs. 

Lbs. 

or 

... 

.3691 

.7737 

.621 

16.53 

1.722 

17.0» 

2 

20 

.3621 

.6675 

.564 

27.18 

2.818 

24.89 

3 

108 

.3269 

.8739 

678 

19.56 

2,131 

22.46 

6 

... 

76 

.3367 

.7376 

.601 

20.60 

2.373 

21.7^ 

6 

20 

76 

.3371 

.7257 

584 

34.43 

3.618 

33.25 

8 

20 

106 

.3528 

.8873 

684 

26.24 

2.649 

29.38 

9 

108 

76 

.3438 

.9757 

756 

21.06 

2.396 

28.08 

U 

20 

106 

76 

.3366 

.9398 

720 

35.62 

3.877 

43.47 

12 

20 

108 

114 

.3547 

9481 

734 

34.70 

4,047 

46.28 

14 

15 

75 

51 

.3489 

.8424 

660 

34.18 

3.623 

37.85 

15 

10 

41 

26 

3429 

.8645 

668 

30.87 

3,212 

33.97 

17 

90 

106 

38 

.3652 

.8639 

673 

30.37 

3.212 

34.18 

18 

48 

112 

144 

.3681 

.8644 

676 

31.68 

3.263 

34.88 

20 

24 

56 

72 

.3413 

.7819 

622 

24.98 

2,751 

26.45 

21 

30 

106 

38 

.3709 

.8782 

690 

26.45 

2.782 

30.48 

23 

30 

108 

38 

.3681 

.8661 

675 

26.87 

2,642 

28.13 

24 

30 

106 

38 

.3633 

.8962 

703 

28.47 

3,061 

33.70 

26 

20 

106 

76 

.3598 

.9245 

704 

29.39 

2.901 

32.92 

27 

20 

108 

76 

.3468 

.8865 

665 

32  54 

3,472 

34.67 

29 

20 

108 

76 

.3519 

.8921 

692 

30.33 

3.179 

34.80 

30 

30 

108 

38 

.3685 

.8702 

6.84      1 

2968  . 

3063 

33.25 

*ATeraire  of  unfertilized  plots. 

POTASSIUM  CONTENT 

The  potassium  percentages  found  in  the  wheat  gr^,m  and  straw 
g:rown  on  the  differently  fertilized  plots  are  given  in  Tables  XV  and 
XVI.  Inspection  of  the  results  in  these  tables  shows  that  the 
addition  of  potassium  alone  or  in  combination  with  phosphorus  and 
nitrogen  has  uniformly  increased  the  amount  of  potassium  in  the 
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'W^heat  crop  grown  on  Wooster  soil  and  has  generally  done  so  at 
Strongsville.  The  percentages  found  in  the  crop  from  the 
Strongsville  soil,  as  shown  in  Table  XVI,  are  greater  than  those 
found  in  the  Wooster  crop  and  the  increase  from  additions  of  po- 
tsLSsium  in  the  fertilizer  are  less  uniform;  this  is  attributed  to  the 
larger  supply  of  potassium  in  the  Strongsville  soil. 

It  will  be  observed  that  phosphorus,  in  the  form  of  raw  rock 
phosphate,  has  afFected  the  distribution  of  potassium  in  the  plant  in 
the  same  manner  as  applications  of  the  more  available  phosphorus 
supplied  by  acid  phosphate;  that  is,  on  the  floats-treated  land  a 
largfer  percentage  of  the  total  potassium  is  found  in  the  grain  than 
on  that  not  so  treated. 

TABLE  XVI— POTASSIUM  CONTENT  OP  WHEAT  CROP  GROWN  IN  5. YEAR 

ROTATION  AT  STRONGSVILLE.      AVERAGE  RESULTS  POR 

HALVES  OP  PLOTS  RECEIVING  LIME  AND 

PLOATS .     1906  AND  1909 


Treatment 

km 

Potassium  in 

Plot 

for  5-year  rotat 

Grain 

Straw 

Entire 

plant 

No. 

Phos- 
pborus- 

Potas- 
sium 

Nitro- 
gen 

FkMts 

Lime 

FloaU 

Lime 

Floats 

Lime 

Lbs. 

Lbs. 

Lbs. 

Percent 

Percent 

Percent 

Percent 

Percent 

0* 

... 

.4258 

.3906 

0.9858 

1.0463 

.7817 

.8160 

2 

20 

.4502 

.4538 

0.9702 

0.9751 

.7792 

.7929 

106 

.4525 

.3m 

1.1263 

1.1841 

.8964 

.8975 

5 

76 

.4413 

.3580 

1.0137 

M03S 

.8141 

.8023 

6 

20 

76 

.4617 

.4044 

0.8547 

0.8931 

.6896 

.6062 

8 

20 

106 

.4586 

.4296 

0.9233 

1.0203 

.7406 

.7906 

9 

106 

76 

.4376 

.3784 

1.0068 

1.1033 

.7061 

.8406 

11 

20 

106 

76 

.4544 

.4372 

0.9531 

1.0798 

.7659 

.8552 

12 

20 

106 

114 

.4357 

.4517 

0.9868 

1.0347 

.7792 

.8157 

^Averageof  uniertilised  plots. 

NITROGEN    CONTENT 

The  nitrogen  content  of  the  wheat  crop  g-row^n  on  the  different- 
ly fertilized  plots  of  the  S-year  rotation  work  on  Wooster  soil  is 
given  in  Table  XVII.  These  results  show  that  the  percentage  of 
nitrogen  in  the  wheat  plant  is  influenced  by  the  supply  of  phos- 
phorus and  nitrogen  at  its  disposal.  The  higher  nitrogen  content 
of  the  wheat  plant  grown  on  exhausted  soil,  over  that  found  in  the 
crops  from  the  plots  which  have  produced  normal  yields,  is  appar- 
ently due  to  the  decreased  elaboration  of  organic  matter.* 

The  addition  of  nitrogen  without  phosphorus  has  increased  the 
percentage  of  nitrogen  in  the  crop,  as  well  as  the  total  amount 
removed.     In  the   crop    grown    under    the    opposite   condition    of 

^be  wbeat  STOwn  on  tbe  unfertilised  plots  and  on  those  receivinir  no  phospbonis  in  the  fertilizer 
scnerally  weighs  less  per  bushel  than  that  arrown  on  tbe  plots  receiying-  phosphorus,  especially  in 
unfaTorabl«  seasons. 
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fertilization,  that  is,  a  supply  of  phosphorus  without  nitrog'en,  there 
has  been  a  decided  decrease  in  the  percent  of  nitro^^en,  but  a  much 
larg-er  quantity  of  total  nitrog:en  removed. 

Comparing:  the  results  for  plots  11  and  12,  which  have  produced 
practically  equal  yields  under  the  same  conditions  of  fertilization, 
with  the  exception  of  an  additional  amount  of  nitro^ren  on  plot  12,  it 
will  be  observed  that  the  nitro^ren  content  of  the  crop  from  plot  12 
has  been  materially  increased. 

The  enhanced  accumulation  of  nitrogen  in  the  entire  plant  is 
distributed  differently  than  the  increases  of  phosphorus  and 
potassium;  the  increased  phosphorus  is  transferred  to  the  ^^rain, 
and  the  potassium  is  retained  in  the  straw,  while  the  nitro^ren  is  dis- 
tributed in  both  grain  and  straw. 

Table  XVIII  summarizes  the  data  obtained  from  the  analyses 
of  the  wheat  crop  grown  on  Strongsville  soil.  An  inspection  of  these 
results  shows  an  increased  percentage  of  nitrogen  over  that  found 
in  the  crop  from  the  Wooster  soil,  and  a  larger  percentage  in  the 
wheat  grown  on  the  limed  land  than  on  that  cross-dressed  with 
floats.  Table  XIX  gives  the  yield  per  acre  and  the  percentage  of 
nitrogen  in  the  grain  for  each  of  the  two  seasons.  This  table  shows 
that  in  1908  there  was  but  little  difference  between  the  yield  per 
acre  of  the  land  cross-dressed  with  floats  and  that  treated  with  lime, 
while  in  1909  the  floats  treated  land  produced  generally  the  larger 
yield. 

TABLrBZVm— NITROGEN  CONTENT  OP  WHEAT  GROWN  IN  5- YEAR  ROTATION 
AT  STRONGSVILLE.    AVERAGE  FOR  1906  AND  1909 


Fertilizinir  elements  per 
acre  for  one  6-year  rotation 

Nitrogen  cxmtent 

Plot 
No. 

Cross-dressed  with  floaUt 

Cross-dressed  with  lime 

Phoe- 
pborns 

Potas- 
sium 

Nitro- 
ffen 

Grain 

straw 

Entire 
plant 

Grain 

Straw 

Entire 
plant 

2 
3 

8 

5 
9 
6 
11 

12 

Lbs. 

21 
20 

20 
20 

20 

Lbs. 

m 

106 

106 
168 
108 

Lbs. 

76 

IS 

76 
114 

Percent 
1.812 

1.775 
1.900 
1.740 

1  837 
1.825 
1.770 
1.780 

1.795 

Percent 
.305 

.235 
.290 
.258 

.263 
.273 
.237 
.276 

.257 

Percent 
.852 

.802 
.841 
.831 

.814 
.854 
.823 

.837 

.831 

Percent 
2.159 

1.942 
2.185 
1.957 

2.290 
2.160 
2.025 
1.967 

1.985 

Percent 
.458 

.338 
.465 
.307 

.485 

.406 
MS 
.351 

.363 

Percent 
1.055 

0.898 
1.085 
0.^ 

1.086 
1.033 
1.003 
0.929 

0.970 

Our  records  show  that  the  land  on  which  the  wheat  was  grown 
in  1908  had  received  only  half  the  quantity  of  floats  that  was  used 
subsequently.  In  every  case  however  the  wheat  grown  on  the 
limed  land  has  shown  a  higher  percentage  of  nitrogen  than  that 
grown  on  the  land  treated  with  floats. 
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TABLE  XIX-YIELD  PER  ACRE  AND  PERCENTAGE  OF  NITROGEN  IN  THE 

GRAIN  OF  WHEAT  GROWN  IN  5. YEAR  ROTATION 

AT  STRONGSVILLE 


Fertilizing  elemen 

Ltsper 
notation 

Yield  of  irrain  per  acre 

ingrain 

Plot 
No. 

acre  for  one  5-year  i 

1908 

1909 

1908 

1909 

Phos- 
phorus 

Potas- 
sium 

Nitn>- 
gen 

Floats 

Lime 

Floats 

Lime 

Floats 

Lime 

Floats 

Lime 

Lbs. 

Lbs. 

Lbs. 

Bus. 

Bus. 

Bus. 

Bus. 

Percent 

Percent 

Percent 

Paiai 

... 

12.15 

15.84 

17.47 

9.33 

1.800 

2.096 

1.827 

2.225 

2 
3 

8 

20 
20 

166 
106 

••* 

25.33 

18  92 
14.17 
21.59 

15.67 
14.67 
18.67 

14.00 
8.67 
21.67 

1.824 
1.831 
1.742 

1843 
2.161 
1.881 

1.730 
1.970 
1.740 

2.0*5 
2.21l> 
2.flS 

1 

6 
11 

20 
20 

168 
166 

76 
76 
76 
76 

12.09 
15.92 
28.25 
29.59 

18.58 
16.42 
24.59 
25.08 

20.00 
18.00 
19.67 
20.00 

8.67 
11.00 
23.33 
20.33 

1.880 
1.830 
1.814 
1.751 

2.162 
2.023 
2.061 
1.871 

1.795 
1820 
1.730 
1.810 

2.430 
2300 

i.m 

2.065 

12 

20 

106 

114 

28.67 

23.75 

22.67 

26.67 

1.742 

1.803 

1.8S0 

2.115 

Ave 

raffe  of  all  plots  — 

20.00 

19.88 

18.54 

15.96 

1.802 

1.989 

1.806 

2.163 

SUMMARY 

The  percentag-es  of  phosphorus,  potassium  and  nitroi^en  in 
the  wheat  crops  analyzed  exhibit  a  wide  range  of  variation.  In  the 
grain  the  differences  between  the  maximum  and  minimum  amounts 
found  are  practically  the  same  for  each  of  these  constituents;  the 
variations  in  the  straw  do  not  show  as  marked  a  uniformity. 

The  composition  of  the  wheat  crop  grown  on  the  unfertilized 
plots  of  two  soils,  containing"  different  amounts  of  phosphorus, 
potassium  and  nitrogen,  is  in  accordance  with  the  composition  of 
these  soils. 

The  proportion  of  phosphorus,  potassium  and  nitrogen  in  the 
wheat  plant  is  increased  by  the  addition  of  these  elements  to  the 
soil. 

Although  the  extent  of  variation  due  to  seasonal  conditions  is 
greater  than  that  produced  by  changes  in  the  composition  of  the 
soil,  the  variations  due  to  soil  treatment  are  relatively  the  same  for 
the  different  seasons. 

Phosphorus  applied  to  soil,  showing:  a  deficiency  of  this 
element  as  measured  by  crop  yields,  increases  the  amount  of 
phosphorus  in  the  grain.  Associated  with  this  increased  accumu- 
lation of  phosphorus  there  is  an  increased  quantity  of  potassium 
and  a  decreased  amount  of  nitrogen. 

The  addition  of  lime  to  the  soil  increases  the  amount  of  phos- 
phorus assimilated  by  the  wheat  plant.  With  this  increase  in  the 
phosphorus  content  there  are  the  same  variations  in  the  nitrog^ep 
and  potassium  as  are  produced  by  the  addition  of  phosphorus. 
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The  composition  of  the  wheat  crop  from  plots  on  the  same  soil 
treated  with  five  jdififerent  carriers  of  phosphorus,  namely:  acid 
phosphate,  bone  meal,  dissolved  bone  black,  basic  slag,  and  barn- 
yard manure,  shows  that  the  phosphorus  content  of  the  wheat  plant 
has  been  increased  to  the  greatest  extent  by  manure. 

The  application  of  untreated  rock  phosphate  to  a  soil  well 
supplied  with  nitrogen  and  potassium,  increases  the  phosphorus 
content  of  the  wheat  plant  to  a  marked  extent. 

The  percentage  of  nitrogen  in  the  wheat  plant  varies  with  the 
supply  at  its  disposal,  and  is  also  influenced  to  a  considerable 
extent  by  the  supply  of  phosphorus. 

An  increase  in  the  potassium  supply  of  the  soil  is  reflected  in 
the  potassium  content  of  the  straw. 

A  comparison  of  the  composition  of  the  wheat  plant  grown  on 
the  same  soil,  under  different  conditions  of  fertilization,  gives  a 
better  indication  of  the  available  supply  of  nitrogen,  phosphorus  and 
X>otassium  in  the  soil  than  can  be  obtained  from  the  analysis  of  the 
soil  itself.* 

*For  data  upoo  the  relation  of  the  soil  and   its  treatment  to   the  composition  of  Blue-grass  the 
reader  is  referred  to  Bulletin  222  of  this  Station. 
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ADDENDA 

Detailed  results  are  given  in  the  following  tables: 

Table   XX — Nitrogen,    phosphorus   and   potassium   content   of     wheat    grain 

and    straw    from    east    and    west    ends    of    the    5- year      rotation 

fertilizer  plots  at  Wooster,  Section  E.  1907. 
Table  XXI — K  itrogen,    phosphorus    and    potassium     content  of   wheat   g^ain 

and  straw  from  east  and  west  ends  of  the  5-year   rotation  fertiliser 

plots  at  Wooster,  Section  B.  1908. 
Table  XXII — Nitrogen  and  phosphorus  content  of  wheat  crop,    S-year   rotation 

at  Wooster,  1904. 
Table   XXIII — Nitrogen,  phosphorus  and    potassium  content  of   wheat  crop, 

continuous  culture  at  Wooster,  1908. 
Table  XXIV — Nitrogen  content  of  wheat  grain  and    straw,  5-year   rotation  at 

Wooster,  1902,  1904,  1906,  1907,  and  1908. 
Table  XXV—Nitrogen,    phosphorus   and   potassium    content  of   wheat  crop, 

5-year  rotation,  at  Strongsville  1908  and  1909.     Plots    treated    with 

lime  and  floats. 
Table  XXVI— Pounds  of  nitrogen,    phosphorus   and  potassitmi   removed   per 

acre  by  wheat  crop  at  Strongsville,  S-year  rotation,  from    halves  of 

plots  receiving  lime  and  floats,  1908  and  1909. 
Table  XXVII — Pounds  of  nitrogen  removed  per  acre  by  wheat  grain  and  straw> 

5-year  rotation  at  Wooster,  1902,  1904,  1905,  1906,  1907,  and  1908. 
Table  XXVIII — Pounds  of  potassium  removed  per   acre   by   wheat  grain   and 

straw,  5-year  rotation  plots  at  Wooster,  1907  and  1908. 
Table  XXIX— Pounds  of  phosphorus  removed    per  acre   by   wheat  grain   and 

straw,  5-year  rotation  at  Wooster,  1904,  1907,  and  1908. 
Table  XXX — Ratio    of    phosphorus    to    nitrogen.        Parts    of    phosphorus   to 

100  parts  of  nitrogen,  5-year  rotation  at  Wooster. 
Table  XXXI — Percentage  increase  yield  and  percentage    increase   phosphorus 

removed  by    wheat    crop    on    fertilized    plots,    5-year    rotation    at 

Wooster. 
Table  XXII — Percentage  increase    yield  and    percentage    increase    potassium 

removed  by    wheat    crop    on    fertilized    plots,    5-year    rotation    at 

Wooster. 
Table  XXXIII— Percentage  increase  yield    and   percentage    increase    nitrogen 

removed  by    wheat    crop   on    fertilized    plots,    5-year    rotation    at 

Wooster. 
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TABLB  XXII-NITROGBN  AND  PHOSPHORUS  CONTENT  OP  WHEAT  CROP, 
5-YBAR  ROTATION  AT  WOOSTER  1904 


lot 

Fertilizing  elements  per  acre  for 
one  6-year  rotation 

Nitroffen  in 

PbosphoruH  in 

0. 

Phosphorus 

Potassium 

Nitrogen 

Grain 

Straw 

Grain 

Straw 

Lbs. 

Lbs. 

Lbs. 

Percent 

Percent 

Percent 

Percent 

©♦ 

.. 

2.065 

0.947 

.3663 

.012 

2 

20 

... 

... 

2.146 

0.640 

.3960 

.0724 

3 

.. 

108 

2.181 

0.966 

.3366 

.0606 

5 

.. 

76 

2.146 

1.066 

.3187 

.0699 

6 

20 

76 

2.117 

0494 

.4034 

.0790 

8 

20 

106 

1.845 

.4213 

.0021 

9 

106 

76 

2.116 

0.814 

.3423 

0043 

11 

20 

106 

76 

1.960 

0.466 

.3886 

.0961 

12 

20 

106 

114 

2.120 

0.630 

.3737 

.0860 

14 

15 

75 

51 

1.930 

0.466 

.3916 

.0619 

15 

10 

41 

29 

1.990 

0.480 

.3750 

.0676 

17 

30 

106 

38 

0.376 

.0756 

18 

48 

112 

144 

2.035 

0.501 

.4357 

.1030 

» 

24 

56 

72 

2.060 

0.645 

.4108 

.1013 

21 

30 

106 

38 

1.830 

0.440 

.4117 

.0656 

23 

30 

108 

38 

1.794 

0435 

.4357 

.0633 

24 

30 

106 

38 

1.874 

0440 

.4095 

.0890 

26 

20 

106 

76 

1.979 

0.640 

.4265 

.0890 

27 

20 

106 

76 

0.639 

.0868 

29 

20 

106 

76 

2.010 

0.570 

.4012 

.0816 

30 

30 

106 

38 

1.866 

0.639 

.4073 

.1920 

*Averaffe  of  unfertilized  plots 
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TABLE  XXVII-POUNDS  OP  NITROGEN  REMOVED  PER  ACRE  BY  WHEAT  GRAIN 

AND  STRAW,  5- YEAR  ROTATION  AT  WOOSTER,  1902,  1904,  1905, 

1906,  1907,  1908.— POUNDS 


12 

49. 31 

13 

14  43 

14 

41.90 

15 

46.17 

1« 

14.72 

17 

35  71 

18 

30.75 

19 

20 

1918 

21 

25  80 

22 

11  17 

23 

2322 

24 

20.87 

25 

11.49 

28 

34  45 

27 

35  10 

28 

15.01 

29 

39.06 

30 

32. 09 

) 
1 
) 

30  62 
12.15 
27  37 
29.73 
12.83 
25.91 
26.46 
12.94 
30.18 


12  03 
27.23 
2500 


36  15 

06  07 

31  93 
27.24 
05.02 
22.23 
22.59 

07  39 
17  71 
25. 34 
07.56 

24  37 

08  32 
22  25 

32  60 
09.69 
27.74 
24.48 


50  88 

42. 38 

15.28 

16.46 

16.80 

21.90 

15.65 

05.81 

06.88 

08.53 

43.10 

32  50 

12.:36 

13.12 

11.77 

46  50 

29. 96 

ow.  •« 

11.90 

11.92 

10.34 

26.80 

15  76 

16.09 

06.07 

07.92 

06.76 

43.50 

28.47 

31.91 

10.22 

10.31 

08.97 

46  75 

33  88 

32  66 

09.16 

1364 

09.56 

28  95 

16  91 

1833 

07.45 

07.60 

07.63 

43  16 

23  82 

26  73 

06.83 

09.78 

08.36 

39.42 

22.23 

28.52 

06.14 

08.83 

08.25 

26  94 

13.19 

19  20 

M.45 

06.35 

08.13 

37-58 

19.49 

29.71 

05  59 

07.01 

07.79 

41.15 

24.36 

31.51 

04.99 

10.32 

0869 

27  32 

12  89 

19.41 

04.29 

06.59 

09.62 

45  ;« 

28.18 

33.28 

07.98 

xvi.wO 

11.37 

10.11 

44.54 

30.70 

36.17 

08.29 

16.34 

12.70 

10.96 

23.08 

14  11 

18  71 

(H.50 

11.58 

06.75 

06.41 

46.80 

29.01 

34.34 

10.04 

16.09 

11.47 

10.67 

35.02 

29.89 

29  18 

08.31 

15.04 

11.90 

07.58 
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TABLS  XXVIII-POUNDS  OP  POTASSIUM  REMOVED  PER  ACRE  BY  WHEAT  ORAIN 

AND  STRAW  PROM  EAST  AND  WEST  ENDS  OP  5- YEAR  ROTATION 

PLOTS  AT  WOOSTBR,  1907  AND  1908 


Grain 

Straw 

Plot 

No. 

1907 

1906       • 

1907 

1908 

East  en* 

i     West  end 

East  end 

1  West  end 

East  end 

West  end 

East  end 

West  end 

1 
2 
3 
4 
5 
6 
7 
8 
9 

J? 

12 
13 
U 
15 
16 
17 
18 
19 
20 

23.07 

23  18 

29.65 

17.95 

21.90 

27.00 

16.37 

36.57 

31.95 

16.83 

43.14 

40.28 

17.11 

39.37 

32.34 

14.00 
36  69 
31.68 

iiiso 

15.45 
21  22 

21 

22.73 

32. 77 

22 

11.18 

15.90 

23 

19.00 

34.48 

24 
29 

23  21 
11.06 

36.71 
18.76 

26 

21.12 

30  52 

27 
28 

3.69 

29.96 

9.48 

29.87 
12  38 

29 

8.66 

21.21 

26.47 
2583 

30 

'                     1 

8.54 

1 

27.28 

TABLE  XXIX-POUNDS  OP  PHOSPHORUS  REMOVED  PER  ACRE  BY  WHEAT  GRAIN 

AND  STRAW.  5- YEAR  ROTATION  AT  WOOSTER,  1904,  1907  AND  1908 

Grain 

Straw 

j 

Year 

1904 

1907 

1908 

1904 

1907 

1908 

Year 

Plot 

East 

West 

East 

West 

East 

West 

East 

West 

Plot 

No. 

end 

end 

end 

end 

end 

end 

end 

end 

No. 

1 

1.41 

2.83 

3.98 

4.23 

0.92 

1.24 

1.34 

9 

1.39 

1 
2 
3 

t 

6 

7 
8 

it 

2 

4.68 

6.47 

6.35 

0.46 

1.42 

1.82 

1.33 

2 

1.20 

3 

2.46 

3.46 

4.41 

4.14 

1.65 

0.93 

0.96 

9 

1.12 

4 

1.94 

3.14 

4.32 

3.88 

1.30 

0.78 

1.20 

1.04 

5 

2.41 

3.40 

3.25 

1  56 

1.28 

1.19 

1.10 

6 

6.02 

6.13 

6.63 

2.20 

1.92 

1.67 

1  44 

7 

2.03 

2.91 

3.94 

1.16 

090 

1.07 

0.70 

8 

5.05 

A     on 

7.28 

1.74 

1.68 

1.06 

0.98 

9 

2.54 

4.34 

1.79 

1.30 

1.06 

1.14 

10 

1  92 

4.40 

1.09 

0.67 

0.70 

0.87 

11 

6  25 

8.12 

2.96 

1.57 

1.42 

1.54 

11 

12 

6.33 

771 

2.88 

155 

2.13 

1.31 

12 

13 

2.02 

4  65 

1.40 

0.77 

0.78 

072 

13 

14 

6.61 

7.67 

1.63 

1.17 

1.69 

1.17 

14 

,15 

6.32 

659 

2.13 

1.13 

1.34 

1.00 

15 

16 

2.13 

"  "'^ 

1.08 

0.89 

0.68 

16 

17 

2.08 

i.si 

1.;^ 

1 

1.10 

17 

18 

6.55 

2.98 

2.17 

1.67 

f 

1.13 

IS 

19 

2.25 

i/.-iv 

1.71 

0.72 

0.73 

,,..-J 

0.75 

19 

20 

5.47 

6.79 

2.54 

101 

1.17 

1.00 

0.72 

20 

21 

6.68 

6.71 

1.72 

1  07 

1.15 

0.98 

1.09 

21 

22 

237 

2.90 

1.38 

0.51 

0.76 

0.78 

0.92 

22 

23 

6.29 

6.33 

2.00 

1.08 

1.09 

1.03 

1.06 

23 

24 

6.78 

5.99 

2  03 

1.73 

1.21 

0.98 

114 

24 

25 

2.39 

3.09 

1  68 

0.56 

0.89 

1  05 

1.10 

25 

26 

6.50 

6.20 

2  51 

1.44 

1.21 

1.28 

1  06 

26 

27 

7.84 

2  63 

1.78 

1.37 

1.17 

106 
0  8/ 

27 

28 

2.17 

3.40 

1.32 

0  91 

0.54 

28 

z9 

5  43 

8.H7 

2  :« 

i;64 

1.07 

1.25 

1  13 

29 

36 

5.45                 ' 

8.91                    1    2.57    1 

1.84        2.00    1 

1.37    '    0:99     1 
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TABLE  XXX— RATIO  OP  PHOSPHORUS  TO  NITROGEN.    PARTS  OF  PHOSPHORUS  TO 
100  PARTS  OF  NITROGEN.     EAST  END  5.YEAR  ROTATION 
AT  WOOSTER,  1008 


Fertili/inff  elements  per  acre  for  one 

Parts  of  phosphoms  to 

5-year  rotation 

100  parts  of  nitroiren 

Ptot 

Plot 

No. 

No. 

Phoephorus 

Potassium 

Nitrogen 

Grain 

Straw 

Lbs. 

Lbs. 

Lbs. 

1 

,, 

.••• 

••• 

18.89 

10  60 

1 

2 

20 

•••• 

*•• 

24.18 

12.83 

2 

3 

106 

•-• 

19.51 

11.00 

3 

4 

,, 

•••• 

20.69 

14.06 

4 

5 

•  •  •• 

76 

17.11 

10.04 

5 

6 

20 

•**. 

76 

20.12 

10.60 

6 

7 

■« . 

19.95 

11.17 

7 

8 

20 

106 

••• 

25.36 

12.39 

6 

9 

108 

76 

15.41 

9.25 

9 

10 

,, ., 

... 

16.72 

8.99 

10 

11 

20 

106 

76 

18.59 

9.91 

11 

12 

20 

108 

114 

18.20 

9.03 

12 

13 

18.24 

10.82 

S 

14 

ii 

"75 

si 

20.25 

10  60 

15 

10 

41 

26 

19.60 

10.21 

15 

10 

20.08 

1.78 

16 

17 

30 

"ioe 

*38 

26.97 

3.44 

17 

18 

48 

112 

144 

24.79 

15.67 

18 

19 

21.74 

327 

19 

20 

24 

"56 

*72 

23.57 

10.96 

20 

21 

30 

108 

38 

26.97 

335 

21 

22 

.... 

•  • . 

19.21 

1.56 

22 

23 

30 

106 

38 

25.89 

5.23 

23 

24 

30 

106 

38 

24.14 

314 

24 

25 

•  •  • 

18.59 

117 

25 

26 

20 

*i08 

76 

18.59 

10.30 

26 

27 

20 

108 

76 

21.26 

10.39 

27 

28 

20.03 

0.43 

28 

29 

20 

'ioe 

'76 

22.48 

1.83 

29 

30 

30 

106 

38 

25.71 

15.58 

30 
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THE  MINERAL  NUTRIENTS  IN  BLUE-GRASS 

BY  S.  B.  PORBBS.  A.  C.  WHITTIBR,  AND  R.  C.  COLLISON. 

Grass  and  exercise  are  usually  considered  essential  for  the 
normal  development  of  bone  and  muscle  in  live-stock;  but  not  all 
grass  will  grow  sound  bone.  In  all  extensive  countries,  including 
the  United  States,  where  live-stock  raising  is  generally  followed, 
there  are  regions  where  grazing  animals  suffer  from  malnutrition 
of  the  bones.  The  commonest  form  of  this  disease  responds 
readily  to  treatment  with  bone-flour  and  other  preparations  contain- 
ing calcium  and  phosphorus,  and  is  invariably  associated  with 
abnormal  composition  of  the  range  or  pasture  grass. 

These  facts  are  established.  At  the  same  time,  however,  there 
is  a  prevalent  idea  in  the  United  States  that  animals  generally  get  as 
much  mineral  matter  in  the  food  as  they  need,  especially  if  they 
have  access  to  pasture  grass,  and  with  this  sweeping  assumption 
the  subject  is  usually  dismissed  by  farmers  and  by  teachers  of 
agriculture  as  outside  the  field  of  practical  interests. 

With  an  idea  that  this  attitude  may  have  led  us  to  overlook  a 
somewhat  important  matter,  the  authors  have  examined  samples  of 
blue-grass  selected  from  a  number  of  localities  in  the  various  dis- 
tinctive soil  areas  of  this  State,  having  in  mind  especially  food-values 
rather  than  fertility  considerations. 

While  the  mineral  content  of  vegetable  crops  is  without  doubt 
the  resultant  of  a  considerable  number  of  varying  factors,  the  most 
important  of  these  is  the  composition  of  the  soil.  If  a  certain  type 
of  soil,  or  method  of  treatment,  produces  blue-grass  of  a  certain 
corresponding  composition,  it  is  important  that  we  demonstrate  the 
facts,  and  point  out   their   probable   bearing   on   stock  raising.     In 
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FOREST  CONDITIONS  IN  OHIO 
FOURTH  ANNUAL  REPORT 


REPORT  OF  THE  DIRECTOR 

Mr.  John  Courtright,  President  of  the  Board  of  Control: 

Sir: — I  have  the  honor  to  submit  herewith  the  fourth  annual 
report  of  the  operations  of  the  Department  of  Forestry  of  this 
Station  for  the  year  ending  November  IS,  1910. 

Next  to  the  soil,  the  original  forests  of  Ohio  constituted  its 
jgfreatest  natural  asset,  far  outranking  in  potential  value  its  combined 
mineral  resources.  To  the  pioneer  farmer,  however,  the  forest  was 
but  a  cumberer  of  the  ground,  and  his  greatest  problem  was  to  get 
it  out  of  his  way.  Regarded  from  fhe  standpoint  of  the  physical 
welfare  of  the  nation  as  a  whole,  it  would  seem  to  have  been  better 
if  the  prairie  states  had  been  settled  first,  thus  leaving  the  great 
store  of  splendid  timber  which  was  wastefully  destroyed  in  Ohio 
and  Indiana  to  be  drawn  upon  as  needed  for  useful  purposes.  As 
the  matter  stands,  however,  the  pioneer's  point  of  view  has 
descended  from  generation  to  generation,  and  those  who  now  realize 
the  loss  which  has  been  suffered  have  the  two-fold  task  before  them 
of  overcoming  settled  habits  of  thought  and  convincing  the  land 
owners  of  the  potential  value  of  the  forest,  and  of  pointing  out  to 
him  a  practicable  method  by  which  to  restore  a  part  of  his  area  t 
forest  conditions. 

How  to  accomplish  this  work  of  demonstration  most  effectively 
is  the  great  forestry  problem  in  Ohio,  and  all  the  work  of  the 
Forestry  Department  of  the  Experiment  Station  has  had  this  end 
either  directly  or  indirectly  in  view. 
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All  experience  has  shown  that  the  most  effective  method  of 
overcoming  fixed  habits  of  thought,  and  for  most  persons  the  only 
method,  is  by  personal  explanation  and  actual  demonstration. 
"Men  are  but  children  of  a  larger  growth,"  and  most  men,  like  most 
children,  require  a  personal  teacher.  The  printing  press  is  a  most 
useful  adjunct  to  the  means  of  diffusing  knowledge;  but  the 
printing  press  alone  is  inadequate.  There  must  be  more  personal 
teaching  of  forestry  if  it  is  to  make  appreciable  headway. 

It  is  the  province  of  the  College  of  Agriculture,  through  its 
Forestry  School,  to  provide  such  teaching;  but  before  this  school  can 
accomplish  its  purpose  for  Ohio  there  must  be  accumulated  a  body 
of  accurate  knowledge  respecting  forest  conditions  in  the  state. 
This  accumulation  of  knowledge  is  the  province  of  the  Experiment 
Station,  and  the  only  method  by  which  such  knowledge  can  be 
accumulated  is  through  the  study  of  existing  forests  and  the  actual 
work  of  reforestation  on  the  various  soil  types  of  the  state  under 
conditions  of  absolute  control. 

The  forest  survey,  which  has  been  conducted  on  a  small  scale 
for  several  years,  is  the  first  step  in  this  direction  and  this  survey 
has  been  found  a  most  effective  method  of  attracting  the  attention 
and  securing  the  interest  and  cooperation  of  land  owners  through 
whose  possessions  it  was  being  conducted.  The  survey  has  forcibly 
brought  out  the  fact  that  the  average  forest  owner  in  Ohio  possesses 
no  knowledge  of  the  foundation  principles  of  successful  forest 
management,  and  that  when  he  attempts  to  improve  his  woodland  he 
usually  takes  exactly  the  opposite  from  the  proper  method.  The 
conditions  governing  forest  growth  are  wholly  different  from  those 
which  obtain  in  the  production  of  field  crops  and  orchard  fruits,  and 
the  failure  to  observe  these  conditions  is  the  more  fatal  in  the  case  of 
the  forest  because  of  the  longer  time  required  for  the  forest  to  come 
to  maturity.  It  is  therefore  of  the  utmost  importance  that  correct  in- 
formation in  forest  production  be  placed  before  the  forest  owners  of 
the  State  at  the  earliest  possible  date,  and  no  method  of  imparting 
such  information  is  so  effective  as  actual  demonstration  in  the  woodlot 
under  the  guidance  of  men  who  have  been  technically  trained  in  the 
work  of  forestry.  It  is  much  to  be  desired  that  the  survey  might  be 
pushed  forward  with  much  greater  rapidity  than  has  been  possible 
with  the  resources  hitherto  at  the  command  of  the  Station. 

Through  the  cooperation  of  a  number  of  public  institutions  the 
Station  has  been  enabled  to  secure  opportunities  for  both  research 
and  demonstration,  under  conditions  favorable  to  continuity  of  work/ 
a  matter  of  first  importance  in  dealing  with  problems  in  which  the 
time  element  is  so  important  a  factor  as  in  forestry.  It  is  believed 
that  such   cooperation  may  be  made  mutually  advantageous. 
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LEGISLATION    NEEDED 

Throughout  the  hilly  regions  of  the  state  there  are  large  areas 
of  steep  hillside  land  bordering  the  streams,  much  of  which  has  been 
denuded  of  its  natural  forest  growth,  but  all  of  which  is  unfit  for 
cultivation  because  of  its  topography.  Much  of  this  land  is  held  at 
a  nominal  value,  being  practically  worthless  in  its  present  condition, 
and  yet  it  is  capable  of  producing  an  income  which  it  is  believed 
^would  compare  favorably  with  that  derived  from  the  more  level 
lands,  if  it  were  protected  from  fire  and  put  under  well  informed 
management. 

Section  7496,  of  the  General  Code  of  Ohio,  authorizes  township 
trustees  to  call  on  the  inhabitants  of  the  township  to  assist  in 
extinguishing  forest  or  prairie  fires,  but  this  method  is  entirely  in- 
adequate, as  a  fire  is  likely  to  have  caused  great  damage  before  the 
machinery  for  its  control  can  be  put  in  operation.  Some  provision 
should  be  made  for  a  systematic  patrol  of  the  regions  liable  to 
forest  fires  during  the  small  part  of  the  year  when  there  is  danger 
from  such  fires.  The  necessary  cost  of  such  a  patrol  would  be  far 
less  than  the  present  annual  loss  from  fires.  Such  surveillance,  and 
the  acquisition  by  the  state  of  lands  along  streams  to  be  held  for  the 
double  purpose  of  reducing  flood  ravages  and  of  serving  as  object 
lessons  in  forestry,  would  seem  to  be  questions  worthy  of  careful 
study  by  legislators. 

Respectfully  submitted, 

Chas.  E.  Thorne,  Director. 
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REPORT  OF  THE   CONSULTING  FORESTER 

By  W.  J.  ORBBN 

TRIALS  OF  ORNAMENTAL  TREES  AND  SHRUBS  AT   PUBUC 
INSTITUTIONS 

The  law  establishing  the  department  of  forestry  at  the  Station 
specifies  as  one  of  the  duties  of  the  Station  under  the  act  **to 
determine  the  kinds  of  trees  and  shrubs  best  suited  to  various 
situations  for  windbreaks  and  shelter,  for  beautifying  grounds,  and 
the  best  methods  of  planting  and  managing  the  same." 

This  does  not  broaden  the  field  sufficiently  to  include  all  that 
belongs  to  landscape  architecture,  but  simply  authorizes  a  study  of 
ornamental  trees  and  plants,  to  determine  their  adaptability  to 
certain  purposes  and  under  what  cultural  and  climatic  conditions 
each  succeeds  best.  Since  many  trees  are  used  for  both  ornamental 
and  forestry  purposes  it  is  plain  that  such  species  may  be  studied 
from  the  two  standpoints  at  the  same  time  and  in  the  same  place. 

Wor«k  of  this  kind  requires  duplication  in  various  sections  of  the 
state,  upon  different  kinds  of  soil  and  under  unlike  climatic 
conditions. 

Futhermore,  the  long-time  element  enters  into  work  of  this 
nature  to  such  an  extent  that  much  of  it  will  be  lost  if  the  trials 
cannot  be  carried  on  for  a  considerable  period. 

This  is  not  easily  done,  unless  the  land  where  the  trees  are 
planted  is  under  the  control  of  the  Station,  or  upon  the  property  of 
some  permanent  institution. 

To  put  trees  into  the  hands  of  private  parties  with  an  under- 
standing that  reports  as  to  behavior  and  hardiness  are  to  be  made 
would  bring  only  meager  returns. 

All  state  and  educational  institutions  do  more  or  less  ornamental 
planting,  and  most  of  them  are  able  to  give  the  necessary  care  to 
trees  furnished  for  this  purpose.  Since  these  institutions  are  on  a 
permanent  basis  their  grounds  afford  good  opportunities  to  do 
permanent  planting.  Furthermore,  these  institutions  are  es- 
tablished in  different  sections  of  the  state,  and  upon  soils  of  varying: 
character,  thus  affording  all  the  conditions  needful  to  make  satis- 
factory trials. 
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The  Station  is  now  carrying^  on  forestry  work  at  a  number  of 
public  institutions,  and  testing-  the  value  of  ornamental  trees  will 
not  add  greatly  to  the  work. 

Work  of  this  kind  at  public  institutions  has  an  added  value 
because  it  is  illustrative  as  well  as  experimental. 

It  not  only  serves  to  acquaint  the  people  with  the  best  species 
and  varieties  of  trees  and  shrubs,  but  arouses  an  interest  in  them 
thus  having  an  influence  in  favor  of  forestry. 

The  richness  of  our  own  tree  flora  may,  in  this  manner,  be  well 
shown,  also  the  importance  of  using  native  trees  to  a  greater  extent 
than  is  commonly  done.  The  design  is  not  to  plant  native  trees 
exclusively,  but  to  make  a  trial  of  many  foreign  species.  It  is  now 
coming  to  be  understood  that  foreign  species  and  horticultural 
varieties  have  been  given  undue  prominence  in  ornamental  planting 
and  trials  of  these  much  extolled  sorts  in  comparison  with  native 
trees  are  much  needed  in  order  to  clear  up  misconceptions  in  the 
mind  of  the  public. 

It  is  the  practice  of  the  Station  to  furnish  none  but  small 
seedling  trees  to  the  various  institutions.  These  are  grown  in 
nurseries  for  two  or  three  years  before  planting  in  permanent 
quarters.  Smaller  trees  are  used  than  are  commonly  planted,  but 
the  cost  is  thus  reduced  and  the  mortality  greatly  lessened.  In 
every  way  are  the  results  better  than  by  the  usual  method  of  plant- 
ing large  trees,  brought  from  a  distance. 

It  is  not  the  purpose  of  the  Station  to  do  landscape  gardening  at 
the  institutions,  but  to  furnish  some  of  the  material  to  be  used  in 
such  work,  in  order  that  different  species  and  varieties  may  be  put 
to  a  practical  test  and  their  value  determined. 

The  Station  can,  in  the  beginning,  offer  suggestions  as  to  the 
value  of  certain  species,  and  gradually  increase  the  fund  of  knowl- 
edge on  this  subject.  Its  reports  on  trees  and  shrubs  will  be 
enhanced  by  the  opportunities  thus  afforded. 

CX>OPERATION  WITH  CITIES  IN  FORESTRY  WORK  AND  STUDIES 
OP  ORNAMENTAL  TREES 

In  cooperation  with  cities  it  is  the  purpose  to  make  a  study  of 
shade  trees,  including  the  species  most  desirable,  also  the  inimical 
as  well  as  favorable  conditions  under  which  they  are  placed. 

The  inquiry  will  be  chiefly  along  horticultural  and  forestry 
lines  and  will  relate  mostly  to  selection  of  species,  adaptation  to 
soil  and  local  conditions,  methods  of  planting  and  care. 

Much  of  the  mortality  of  trees  in  cities  is  due  to  unfavorable 
environment,  but  in  many  cases  it  is  possible  to  remedy  the  bad 
conditions. 
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A  careful  study  of  the  situation  needs  to  be  made  in  order  to 
make  tree  growing  in  cities  more  successful. 

It  is  hoped,  also,  to  awaken  an  interest  among  city  people  in 
forest  parks.  If  such  parks  could  be  established  in  suburban,  or 
outlying  districts,  much  could  be  done  in  them  to  help  along  the 
cause  of  forestry.  Such  parks  should  be  as  near  like  natural 
forests  as  possible,  consistent  with  the  uses  to  which  they  are  to  be 
put.  This  would  give  opportunity  to  illustrate  forest  management 
and  help  greatly  in  solving  forest  problems.  They  would  be  useful, 
also,  in  awakening  an  interest  in  forestry  and  in  aflfording  means  of 
nature  study  along  many  lines. 

Creating  sentiment  in  favor  of  forestry  and  promulgating  right 
ideas  concerning  it  is  a  proper  mission  for  all  citizens,  whether 
dwellers  in  the  city  or  country.  Equalizing  stream  flow;  lessening 
the  force  of  winds;  protection  of  birds;  increasing  the  beauty  of  the 
landscape  and  the  production  of  useful  timber  are  ofSces  of  the 
forests,  in  which  benefits  all  citizens  have  a  share,  hence  the  pro- 
priety of  every  one,  whether  land  owner  or  not,  doing  what  he  can 
to  help  the  cause. 

European  cities  have  made  their  forests  good  investments.  We 
might  leave  out  of  consideration,  altogether,  the  financial  side  of  the 
matter,  and  yet  a  forest  maintained  by  a  city  might  pay  even  better 
here  than  abroad,  because  of  influences  coming  from  it  which 
are  in  no  way  associated  with  money  getting. 

The  Station  can  help  greatly  in  establishing  and  carrying  on 
such  work  by  cities.  The  work,  as  far  as  the  Station  is  concerned, 
would  proceed  along  similar  lines  to  those  already  started  at  public 
institutions.  Some  interest  is  manifest  in  several  sections  and 
work  in  cooperation  with  one  city  has  been  started. 
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REPORT  OF   THE  FORESTER 
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FOREWORD 

Interest  in  forestry  in  Ohio  is  increasing.  The  long-time 
element  in  forestry  operations  has  prevented  rapid  development 
and  enthusiasm  at  the  outset.  Limitations  in  our  knowledge  of 
silviculture  have,  in  some  cases,  checked  progress  which  would 
have  been  given  impetus,  had  definite  knowledge  been  at  hand. 
The  slowness  of  progress  in  moulding  public  sentiment,  and  in 
increasing  the  acreage  of  forest  under  conservative  management, 
is  therefore  not  a  discouraging  feature,  but  rather  indicates  that 
whatever  progress  is  made,  is  something  stable  and  for  all  time. 
The  question  is  no  longer  whether  forestry  has  communal  value. 
This  point  is  established.  But  it  is  one  of  procedure.  It  is  a 
problem  of  methods. 

The  facts,  which  have  been  marshalled  through  the  work  of 
the  forest  service  in  Ohio,  have  etched  themselves  into  the  settled 
convictions  of  the  people,  so  that  today  we  have  an  enlightened 
public  opinion  upon  the  necessity  of  forestry  as  a  factor  in  the 
future  of  our  commonwealth,  and  one  not  based  upon  mere  rhap- 
sodies and  sentimentality.  Therefore  at  the  present  day,  it  seems 
our  province  to  determine  specific  means  for  furthering  forestry 
development,  and  to  put  into  operation  those  policies  which  prove 
to  be  practicable. 

Experimentation  must  be  the  paramount  factor  in  Ohio  forestry 
for  the  present,  and  the  facts  thus  developed  will  serve  as  a  nucleus 
for  its  growth.  Thus  there  will  be  progress  without  danger  of 
ultimate  retrogression  or  depression. 
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LINES  OF  WORK 

The  chief  lines  of  work  covering  the  period  from  October  1, 1909 
to  October  1,  1910,  in  which  the  Station  has  been  active  are: 

1.  Cooperation  with  public  institutions,  possessing  land,  in 
the  management  of  timber  tracts,  and  the  establishment  of 
experimental  and  demonstration  plantations. 

2.  Cooperation  with  private  owners  in  the  improvement  of  the 
farm  woodlot  and  in  various  operations  of  reforestation. 

3.  The  establishment  of  nurseries  for  experimental  purposes 
and  the  distribution  of  forest-tree  seedlings  in  connectioo 
with  the  various  operations  of  cooperative  work. 

4.  A  forest  survey,  which  includes  a  study  of  forest  conditions 
throughout  certain  portions  of  the  state. 

5.  Educational  work,  conducted  through  farmer's  institutes, 
granges,  picnics,  exhibits  at  fairs  and  work  at  educational 
institutions. 

COOPERATION  WITH  STATE  INSTITtmONS 

Nearly  all  the  state  institutions  of  Ohio  have  farms  in  con- 
nection, and  on  some  of  them  there  are  considerable  areas  of  non- 
agricultural  land,  which  is  well  suited  to  various  forestry  operations. 
This  condition  is  not  only  true  of  state  institutions,  but  of  county, 
educational,  municipal  and  private  institutions  as  well. 

These  areas  offer  excellent  opportunities  for  forestry,  owin^T  to 
the  permanence  which  they  insure.  They  are  particularly  suited 
to  those  phases  of  work  which  require  long  periods  of  time  to  pro- 
duce results.  Twelve  institutions  of  various  classes  within  the 
-state  have  asked  the  Station  to  inaugurate  forestry  work  on  their 
farms,  and  on  ten,  work  has  been  started,  or  the  preliminary 
inspections  made. 

During  the  summer  of  1910,  maps  and  plans  were  made  for 
forest  tracts  at  the  following  institutions:  Kenyon  Colleg-e  at 
Gambler;  the  State  Sanitorium  at  Mt.  Vernon;  the  Boys'  Industrial 
School  at  Lancaster,  and  the  Hospital  for  the  Criminal  Insane  at 
Lima.  In  all  cases  topographic  maps  were  made,  and  detailed  plans 
presented,  subject  to  the  approval  of  the  institution  authorities. 
The  plans  for  operations  and,  in  some  cases,  seedling  trees,  are 
furnished  by  the  Station,  all  labor  being  provided  by  the  cooperator. 

Where  considerable  field  supervision  is  required  the  Station 
provides  a  foreman  for  the  purpose,  as  in  the  case  of  the  Boys* 
Industrial  School. 
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A  white  oak  woodland.      The    trees    are    of  original  growth  and  will  soon 
deteriorate  because  of  change  of  forest  conditions. 
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TRACT  OF  THE  BOYS'  INDUSTRIAL  SCHOOL 
LOCATION  AND  ARBA 

This  tract,  consisting  of  1,230  acres,  is  located  in  Fairfield 
county,  six  miles  south  of  the  city  of  Lancaster. 

GBOLOGY 

Topography.  The  entire  area  lies  in  the  extreme  western 
limits  of  the  great  Appalachian  Plateau  and  the  topography,  in 
consequence,  is  diversified.  Irregular  coves  and  ridges,  typical  of 
the  Appalachian  Mountain  system,  form  the  surface  features. 
Arney  creek,  flovi^ing  through  the  north-west  portion,  is  the  principal 
stream.  The  glacial  drift  extends  through  this  section,  depositing 
granitic  boulders  and  the  clays  peculiar  to  its  character.  The 
latter  usually  cap  the  ridges. 

Rock.  The  Waverly  Conglomerates  and  the  Drift  boulders 
form  the  principal  rocks,  the  former  being  a  coarse  sandstone,  and 
the  latter  mostly  granites  and  quartzites.  The  brows  of  the  lodges 
are  frequently  capped  with  the  Waverly  sandstones. 

Soil.  The  soil  is  a  mixture  of  the  Drift  clays  and  the  debris  of 
the  Waverly  sandstones  and  shales,  with  a  considerable  admixture 
of  iron.  A  fertile,  sandy  loam,  becoming  black  in  places,  and 
occurring  toward  the  bottom  of  coves  and  exposures  may  be  found 
in  certain  localities.  In  other  places  the  sand  is  almost  pure, 
resulting  from  the  decomposition  of  a  soft  sandstone.  The  soil 
originally  possessed  considerable  fertility.  Certain  areas  have  been 
severely  cropped  in  times  past,  and  in  consequence  are  now  com- 
paratively sterile. 

THE  FOREST 

The  forest  area  comprises  between  500  and  600  acres,  including 
most  of  the  steeper  slopes  and  smaller  coves.  The  original  stand 
consisted  of  white,  black,  chestnut,  scarlet  and  red  oaks,  tulip 
poplar,  chestnut,  pignut  hickory,  red  maple,  black  gum,  large 
toothed  poplar,  iron  wood,  dogwood,  sassafras,  pitch  and  Jersey 
(scrub)  pine.  Practically  the  entire  area  was  cut  over  between 
twenty  and  sixty  years  ago,  and  the  wood  utilized  in  the  production 
of  charcoal,  which  was  used  in  the  reduction  of  iron  ore. 

The  present  forest,  in  consequence,  is  second  growth  of  both 
seed  and  sprout  origin.  In  the  original  forest  composition,  \vhitc 
oak  formed  a  considerable  percentage  of  the  stand.  But  in  the 
second  generation,  the  black,  scarlet  and  chestnut  oaks  superceded 
the  white  oak,  both  through  their  prolific  seeding  propensity,  and 
greater  rate  of  growth.  On  the  oak  slopes  containing  even-aged 
stands,  the  white  oak  is  invariably  suppressed    by    the    black    and 
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scarlet  oaks,  and  unless  relieved  by  the  removal  of  the  two  latter, 
will  soon  be  eliminated  from  the  forest.  The  black  and  scarlet 
oaks  are  inferior  as  to  quality  and  in  some  cases  are  almost 
worthless.  In  the  majority  of  cases  they  are  of  sprout  origin  and 
are  susceptible  to  decay  at  the  butt.  The  chestnut  and  tulip  poplar, 
seeking"  the  protection  of  the  moist  slopes  and  coves,  seem  especially 
well  adapted  to  this  region  and  may  be  considered  the  best  revenue 
producers  among:  the  forest  trees.  The  chestnut  oak  occupies  the 
tops  of  ridges  or  the  immediate  slopes.  It  deve!opes  rather  slowly, 
and  its  uncertain  commercial  value  limits  its  use  to  ties,  and  in 
some  cases  post  material. 

PORSST  TYPBS 

The  forest  may  be  classified  into  five  rather  sharply  defined 
types: 

Oak  Slope.  Containing  white,  black  and  scarlet  oak,  and 
occasionally  an  admixture  of  chestnut  oak,  chestnut,  tulip  poplar 
and  pigfnut  hickory. 

Chestnut  Oak  Ridges:  Usually  a  composition  of  pure  chestnut 
oak  stand  with  an  occasional  black  oak,  chestnut,  pitch  and  Jersey 
pine. 

Cove  Type:  Composed  of  tulip  poplar  and  chestnut,  with 
occasional  g-roups  of  largfe-toothed  poplar.  Fertile  soil  prevails,  and 
on  eastern  and  northern  exposures  the  type  is  characterized  by  good 
heigrht  growth. 

Creek  Type:  Seldom  occuring.  Usually  characterized  by 
willow,  sycamore,  red  maple,  alder  and  hazel  bush.  Occupies  narrow 
valleys  of  creeks. 

Old  Field:  Areas  at  one  time  under  cultivation,  but  which 
have  been  abandoned.  In  case  of  forest  reversion,  pitch  and  Jersey 
pines,  persimmon  or  sassafras  usually  take  possession.  The  soil  of 
old  fields  is  more  or  less  eroded  and  improverished.  This  type  is 
quite  common  and  offers  good  opportunities  for  experimental  work 
in  reforestation. 

OPERATIONS  UNDBRTAKBN 

Initial  forestry  operations  were  undertaken  on  this  tract  in 
1907,  when  an  old  field  planting  of  about  15  acres  was  made.  This 
work  was  continued  from  year  to  year.  Different  species  of  trees 
were  planted  under  different  conditions  of  site  and  soil,  spacing* 
and  mixtures. 

Operations  involving  the  manag^ement  of  the  forest  have  also 
been  undertaken.  Thinnings  and  clear  cuttings  have  been  made, 
and  reinforcing  and  reafforestation  have  been  carried  on.  During 
the  winter  of  1909-10,  about  10  acres,  comprising  an  inferior  stand  of 
black,  scarlet,  chestnut  and  white  oaks,  chestnut  and  tulip  poplar 
were  clear  cut.     This  area  had  suffered  the  effects  of  repeated  fires^ 
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and  in  consequence  many  of  the  trees  were  fire  scarred,  diseased  or 
dead.  Coppice  and  other  undesirable  reproduction  was  taking 
possession.  A  portion  of  the  area  was  planted  to  white  pine,  in  the 
spring:  of  1910.  The  remainder  will  be  planted  the  coming:  spring:. 
About  30,00Q  trees  have  been  used  in  planting:  operations. 
Plantations  were  established  in  such  a  manner  as  to  afford  experi- 
mental data.  Catalpa  and  locyst  were  used  to  considerable  extent 
at  the  outset.  At  least  10,000  pine  and  Norway  spruce  will  be 
planted  in  the  spring  of  1911.  White,  red,  ponderosa,  Scotch  and 
Austrian  pines  will  be  used,  with  the  greatest  number  of  the  first 
named. 

TRACT  OF  THE  TUBERCULOSIS  SANITORIUM 
LOCATION  AND  ARSA 

This  tract,  consisting  of  350  acres,  is  located  in  Knox  county, 
three  miles  northeast  of  the  city  of  Mt.  Vernon. 

GBOLOQY 

The  topographical  features  are  not  rugged,  but  graceftd  in 
outline  and  inclined  to  be  symmetrical,  due  to  glacial  action.  The 
debris  of  the  glacial  drift  has  been  influential  in  forming  contour 
and  soil.  Rock  fragments  occur  abundantly,  but  nowhere  are  there 
giant  boulders  or  distinct  ledges  of  rock.  The  rock  formations  are 
composed  of  the  Waverly  sandstones  and  shales.  The  hills  are  a 
composition  of  shales,  small  boulders,  gravel  and  sand.  The  sub- 
soils in  parts  of  the  forest  area  are  almost  pure  sand. 

THS  PORSST 

There  is  standing  today  upon  this  tract  one  of  the  finest 
hardwood  forests  remaining  in  the  United  States.  Composed  of 
giant  white  oaks,  chestnuts,  bur  oaks  and  sugar  maples,  with  an 
under-wood  of  dogwood,  blue  beech,  maple  and  iron-wood,  it 
presents  indeed  a  sight  of  its  kind  not  to  be  duplicated  within  the 
limits  of  Ohio.  Many  individuals  of  the  white  and  bur  oak  range  in 
size  from  three  to  five  feet  in  diameter,  with  a  height  of  from  90  to 
130  feet,  having  a  clear  length  of  60  to  80  feet,  and  scaling  as  hig-h  as 
3,000  board  feet  of  lumber.  The  stand  of  original  trees  is  not 
normal,  but  like  most  remnants  of  the  virgin  forest,  many  of  the 
trees  have  fallen  before  the  ax  or  storms.  ^The  open  spaces  thus 
created  have  come  up  in  second   growth  oak,  maple  and  chestnut. 

The  area  has  never  been  pastured,  and  the  protective  under- 
growth has  exerted  a  good  influence  in  preventing  the  decline  of  the 
large  trees. 
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PLANS  FOR  OPERATIONS 

The  possibilities  in  reconstruction,  improvement  and  demon- 
stration are  so  manifest  that  it  appears  to  be  a  rare  opportunity  for 
the  Station  to  undertake  the  task  of  establishing  a  demonstration 
and  experimental  area,  and  at  the  same  time  of  holding*  intact  and 
increasing  the  longevity  of  the  splendid, trees.  From  the  nature  of 
the  forest  growth  regeneration  must  be  largely  by  artificial  means. 
The  system  to  be  followed  must  necessarily  be  that  of  the  group 
or  patch  method.  Considerable  open  space  exists  among  the  large 
trees,  and  in  places  the  areas  may  be  enlarged  by  the  removal  of 
weed  trees. 


A  forest  to  be  reconstructed  by  group  plantings.  The  trees  marked  with  the 
white  square  are  to  be  removed  and  the  space  they  occupied  is  to  be 
planted   to  tulip  poplar  and  black  walnut. 

It  is  intended  to  utilize  commercial  evergreens  to  a  considerable 
xtent  in  the  planting  operations,  These  species  not  only  possess 
alue  as  forest  trees,  but  their  presence  in  groups  will  produce  an 
esthetic  effect  as  well.  Evergreens  are  particularly  desirable,  on 
ccount  both  of  their  supposed  beneficial  influence  upon  tubercular 
»atieiits  and  of  their  adaptability  to  the  soil  conditions.  It  is 
Qtended  to  established  a  pinetum,  near  the  buildings,  bringing  into 
ise  every  possible  evergreen  conifer.     Plans    for  the  operation    of 
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the  forest  were  made  during  the  past  summer,  supplemented  with 
a  detailed  topog'raphic  map,  locating*  definite  areas  to  be  used  for 
forestry  purposes. 

THE  KENYON  FOREST 

The  Kenyon  forest,  comprising  about  200  acres,  is  located  in 
Knox  county  atwut  the  village  of  Gambler. 

It  lies  under  the  same  geological  influence  as  the  Sanitorium 
tract,  there  being  only  four  miles  interval  between  the  two  tracts. 

The  forest  is  divided  into  seven  parts,  which  are  virtually 
considered  woodlots.  With  the  exception  of  two  of  the  tracts,  the 
forest  is  second  growth.  The  first  cutting  was  made  over  fifty 
years  ago.  The  area  surrounding  the  college  buildings,  and  called 
"The  Kenyon  Hill  Tract",  contains  a  fine,  virgin  stand  of  oaks, 
with  the  white  oak  predominating.  Unfavorable  influences  have 
played  an  important  role  in  these  woods.  The  term  "woodland" 
could  be  more  properly  applied.  The  stand  of  original  trees  is 
under-normal  and  no  young  growth  fills  the  intervening  spaces,  nor 
are  there  any  factors  favoring  the  perpetuation  of  the  forest  or  the 
longevity  of  the  existing  growth.  The  ground  cover  and  under- 
brush has  for  years  been  mowed  and  burned  annually.  Running 
fires  have  periodically  swept  the  area  clean  of  grass  and  debris, 
leaving  the  ground  bare  and  exposed  to  the  drying  sun  and  winds. 
The  younger  trees  were  removed  to  present  a  park  like  appearance, 
and  all  regeneration,  of  whatever  nature,  has  been  persistently 
discouraged.  How  any  of  the  large  oaks  have  remained  alive  under 
such  inimical  influences  is  surprising,  and  careful  observation  makes 
manifest  the  need  of  the  forester's  services.  Occasional  dead,  or 
partially  dead  trees,  point  to  the  inevitable  result  of  destroying  the 
natural  forest  conditions  in  virgin  forests.  Early  decline  and  pre- 
mature death  may  be  expected. 

The  Harper,  Bishop,  Bixley  and  Academy  tracts,  consist  of 
second  growth  timber.  They  have  regenerated  largely  to  black 
and  scarlet  oaks.  Walnuts  were  planted  in  various  places  about 
the  time  of  cutting,  and  have- developed  into  good  trees.  The  second 
growth  white  oaks  are  being  eliminated  by  the  more  rapid  growing^ 
black  species,  and  decisive  action  is  required  to  save  them. 

The  Academy  tract  is  a  good  example  of  the  unpastured, 
second  growth  oak  type  of  woodlot.  The  existence  of  a  rank 
growth  of  dogwood,  hickory  and  red  maple  reproduction,  makes  the 
area  typical  of  the  woodlots  found  throughout  this  region.  The 
second  growth  stand  is  normal,  but  the  reproduction  is  not  suited 
to  regenerate  the  tracts.  Thus  the  solution  of  perpetuation  must 
resolve  itself  into  a  change  of  the  character  of  growth,  by  artificial 
planting  and  skillful  silvicultural  manipulation. 
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PLANS  FOR  THB  RSCONSTRUCTION  OP  THE  PORBST 

Two  fundamental  factors  must  be  considered  in  the  improv- 
ment  of  these  tracts. 

1st.  The  preservation  of  the  primeval  oaks  that  adorn  the  hills 
adjacent  to  the  college  campus.  2nd.  Provision  for  the  proper 
perpetuation  of  the  forest.  The  latter  is  a  matter  of  the  greater 
importance. 

In  the  *'Kenyon  Hill  Tract"  the  stand  is  virgin  with  very  little 
second  growth.  Unless  provision  is  made  for  the  establishment  of 
young  trees,  ultimate  decay  will  be  inevitable,  and  a  few  years  will 
find  this  area  with  few  trees,  and  nothing  in  the  place  of  those 
which  have  fallen.  It  is  of  vital  concern  that  the  start  be  made  at 
once,  in  order  to  lessen  the  breach  between  the  old  and  the  new. 
Protection  in  the  way  of  reproduction  or  undergrowth  must  be 
given  the  old  trees  in  order  to  preserve  them  much  longer.  Hence, 
operations  employed  here  have  a  dual  purpose,  and  should  be  put 
into  effect  at  once. 

The  group  or  patch  system  must  be  employed  largely  in 
reconstruction.  The  Kenyon  Hill  forest  contains  many  open 
spaces,  where  no  trees  are  growing,  and  openings  may  be  created 
by  the  removal  of  defective  or  weed  trees.  These  spaces,  or  plots, 
are  to  be  planted  to  those  species  best  adapted  to  general  conditions. 
The  plan  is  to  employ  a  number  of  species,  both  coniferous  and 
hardwood.  Where  occasion  demands  those  species  and  sites  best 
suited  to  improving  the  aesthetic  condition  will  be  chosen,  but  it  is 
intended  to  group  the  plantings  in  such  a  manner  as  to  obtain 
results  both  aesthetic  and  practical.  The  groups  utilized  in  this 
system  of  planting  may  be  extended  from  year  to  year,  as  may  be 
required. 

A  clear  cutting  has  been  recommended  for  the  **Flat 
Iron  Forest".  The  growth  is  in  such  condition  that  it  seems  de- 
sirable to  market  the  existing  timber  and  to  change  entirely  the 
character  of  the  forest  by  planting,  utilizing  the  few  groups  of 
natural  reproduction  established. 

This  region  gives  evidence  of  being  well  adapted  to  the 
coniferous  evergreens.  Splendid  specimens  of  the  white  pine  and 
Norway  spruce  are  growing  in  and  about  the  village  of  Gambier. 
The  sandy  nature  of  the  soil  on  the  Flat  Iron  tract  makes  it  well 
adapted  to  pine,  which  should  be  used  largely  in   the    reforestation. 

The  various  forest  tracts  of  the  College  property  will  serve  as 
demonstration  areas  owing  to  their  similarity  to  the  farm  woodlots 
of  that  region. 
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Distorted  white  oaks  which  are  injuring  thdr  neighbors.    Th^  are  matured 
and  should  be  removed. 
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THE  OBBRLIN  MUNICIPAL  FOREST 

The  municipality  of  Oberlin  was  the  first  to  realize  and  take 
advantage  of  the  benefits  afforded  the  water  supply  by.  forest 
protection.  The  city  has  obtained  possession  of  a  120-acre  farm, 
through  which  the  intake  of  the  reservoir  flows.  The  intake, 
which  is  a  small  creek,  migfht  be  more  properly  called  a  largfe 
spring,  as  its  flow  is  heavy  and  its  seasonal  variation  is  slight.  Its 
course  also  is  short,  and  does  not  extend  to  any  distance  outside  of 
the  municipal  holdings. 

The  natural  forest  area  of  the  holding  consists  of  a  IS-acre 
woodlot,  the  remainder  of  the  land  .having  been  under  tillage  and  in 
pasture.  The  intake  was  in  no  way  protected  from  contamination 
or  surface  drainage  from  field  or  pasture. 

Since  arrangements  for  cooperation  in  reforesting  the  area 
have  been  made  with  the  Experiment  Station  over  forty  thousand 
trees  have  been  planted,  and  the  work  will  be  continued  each  year 
until  the  entire  holding  is  reforested. 

The  soils  are  heavy,  impervious  clays,  varying  in  places  to  a 
fine,  compact,  sandy  soil.  Lack  of  vegetable  fiber,  combined  in 
places  with  poor  drainage  has  been  a  discouraging  feature  in 
cropping  the  fields. 

Catalpas  and  locusts  were  used  to  a  considerable  extent  at  the 
outset,  but  since,  some  of  the  native  hardwoods  have  been  utilized 
with  encouraging  results.  The  condition  of  soil  and  drainage  will 
not  permit  the  planting  of  a  wide  range  of  species.  During  the 
spring  of  1910,  1,200  white  pine  and  500  black  walnut  and  European 
sycamore  were  planted  as  an  experiment.  The  white  pines  were 
placed  upon  high  ground  containing  considerable  sand.  Thus  far 
it  seems  that  some  of  our  native  hardwoods  are  best  suited  to  the 
tract.  Reference  may  be  made  to  the  white  ash  in  particular,  the 
plantings  of  which  are  making  splendid  growth.  The  catalpas  in 
part  have  done  well.  The  soil  in  places  has  proved  too  wet  for  the 
locust,  although  on  higher  places  its  growth  has  been  entirely 
satisfactory. 

Several  bushels  of  black  walnuts  were  planted  in  the  sod  on  the 
flood  plain  of  the  intake,  but  the  germination  percentage  was 
unsatisfactory. 

Group  plantings  were  made  in  the  native  woodlot,  which  has 
teen  severely  culled.  Beech  and  ironwood  have  been  removed  in 
X)atches  or  plots  and  the  areas  planted.  The  ash  and  beech, 
bowever,  have  reproduced  to  such  an  extent,  that  in  all  probability 
further  planting  will  be  unnecessary.  The  woods,  prior  to  a  few 
years  ago,  had  been  heavily  pastured.     Within  the  past   two  years 
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A  natural  regeneration  of  shellbark  hickory  on  the  Oberlin  Municipal  Farm. 
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thousands  of  seedlingrs  of  ash,  maple,  basswood,  etc,  are  noticeable. 
All  ironwood  and  other  prolific  seed  bearers  and  disseminators 
which  are  *'weed  trees"  will  be  removed,  so  as  to  provide  for  re- 
generation with  valuable  species. 

An  interesting"  feature  is  the  encroachment  of  the  shell-bark 
hickory  on  the  sod  adjacent  to  the  woodlot,  where  these  trees 
cover  several  acres  and  are  making  rapid  growth.  They  have  been 
reinforced  in  places  where  the  stand  is  too  thin. 

TRACT  OP  THE  LIMA  HOSPITAL  FOR  THE  CRIMINAL  INSANE 

This  area,  consisting  of  610  acres,  is  located  two  miles  north  of 
the  city  of  Lima.  The  site,  which  has  recently  been  acquired  by 
the  State,  is  an  aggregation  of  several  farms,  and  contains,  in 
consequence,  a  number  of  woodlots.  These  areas  are  located  in 
different  parts  of  the  tract,  and  are  representatives  of  the  typical 
farm  woodlots  of  thie  region. 

The  growth  consists  of  black,  white,  red,  scarlet,  bur  and 
swamp  oaks,  sugar  and  red  maple,  beech,  basswood  (linden),  white 
and  red  elm,  black,  white  and  black  ash,  shellbark,  pignut 
and  mockernut  hickories.  There  are  four  woodlots  in  connection 
with  the  tract,  three  of  which  will  be  considered  in  the  cooperative 
work. 

PLANS  FOR  RECONSTRUCTION 

South  West  Woodlot.  This  area  is  only  a  remnant  of  the 
original  forest,  and  the  trees  that  remain  are  in  decidedly  poor 
condition.  It  has  been  cleared  of  practically  everything  of  value, 
and  the  remaining  trees  are  culls.  Many  are  dead  at  the  top,  and 
immediate  action  will  be  necessary  to  save  the  best  from  early  decay. 
No  reproduction  nor  protective  under  growth  of  any  nature  exists, 
and  the  ground  in  consequence  is  dry  and  hard. 

The  reconstruction  process  will  be  carried  on  by  a  system  of 
group  plantings,  combining  the  placing  and  selection  of  species  in 
a  manner  to  produce  both  practical  and  aesthetic  results,  making 
provision  for  drives  and  vistas. 

The  Park  Woodlot.  This  area  lies  adjacent  to  the  building 
and  is  to  be  utilized  for  park  purposes.  It  has  been  severely  culled 
over  during  past  years  and  practically  all  merchantable  timber  has 
been  removed.  Splendid  specimens  of  beech,  maple,  elm  and  oaks 
still  remain,  with  groups  of  iron-wood,  blue  beech  and  maple, 
which  make  it  particularly  adapted  for  park  purposes.  Trees  for 
cutting  have  been  marked,  and  roads  and  paths  laid  out. 

Two  regeneration  plots  of  about  one-fourth  acre  each  have  been 
reserved  for  the  study  of  white  ash  reproduction. 


Digitized  by 


Google 


76  OHIO  EXPERIMENT  STATION:  BULLETIN  223 

Central  Woodlot.  This  area  lies  adjacent  to  the  park  on  the 
west.  It  has  been  heavily  culled  but  never  severely  pastured,  and  in 
consequence  contains  considerable  undergrowth.  The  white  ash 
was  atone  time  a  prominent  species,  and  these  trees  fortunately 
reseeded  the  woodlot  before  they  were  all  removed.  The  repro- 
duction of  ash,  in  consequence,  is  a  remarkable  feature.  This 
species  forms  at  least  80  percent  of  the  seedling^  trees,  which  are 
evenly  distributed  throughout  the  woods.  Reproduction  cuttings 
will  be  necessary  from  time  to  time,  but  no  planting  operations  will 
be  required. 

Some  experiments  with  direct  seeding  of  ash  have  been  planned 
and  will  be  carried  out  the  present  winter  or  spring. 

TRACT  OP  MIAMI  UNIVERSITY 

This  tract  includes  about  35  acres  of  land,  which  is  a  part  of  the 
property  of  Miami  University,  located  at  Oxford,  Ohio.  The  tract 
contains  no  woodlot,  having  been  used  for  pasture  purposes  during 
the  past  years.  The  entire  area  will  be  reforested  with  diflferent 
species  of  trees  adapted  to  southwestern  Ohio.  -  It  can  be  made  an 
excellent  experimental  and  demonstration  area  for  this  section  of 
the  state. 

Operations  were  started  in  the  spring  of  1910,  by  an  initial 
planting  along  the  west  border  of  the  tract. 

WORK  AMONG  PRIVATE  OWNERS 

Work  among  private  owners  has  been  along  two  lines,  viz:  The 
establishment  of  commercial  tree  plantations,  and  the  recon- 
struction and  care  of  the  farm  woodlot.  This  work  was  inaugurated 
in  1904,  and  although  commenced  in  a  limited  way,  and  confined  to 
the  planting  of  post  and  pole  timbers,  it  has  grown  steadily,  and 
now  includes  the  more  extensive  operations  of  reforestation  along 
with  woodlot  work. 

At  the  outset  the  information  desired  on  forestry  matters  con- 
cerned only  that  with  reference  to  the  growing  of  post  and  pole 
timbers.  Hence,  this  phase  was  taken  up  and  encouragement  given 
to  land  owners,  by  furnishing  seedling  trees  to  those  who  would 
plant  and  care  for  them  according  to  the  directions  of  the  Station. 
Through  this  means  the  Station  came  in  touch  with  the  woodlot 
owners,  and  work  in  arousing  interest  in  this  important  phase  was 
begun. 

The  Station  has  always  advised  the  reconstruction  and  care  of 
the  woodlot  above  all  else.  The  methods  employed  in  the  improve- 
ment work,  and  the  species  of  trees  used,  will  vary  with  conditions. 
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In  all  cases  where  planting  was  called  for,  those  species  best 
suited  to  the  condition  of  soil  and  site  and  the  needs  of  the  owner 
were  utilized.  In  many  instances,  if  post  timbers  were  needed,  it 
was  advised  to  plant  trees  adapted  to  this  use  in  the  open  spaces 
in  the  woodlot,  or  those  which  could  be  made  by  the  removal  of 
either  weed  or  matured  trees. 

Since  the  cooperative  work  has  been  inaugurated  over  a  million 
trees  have  been  distributed  to  land  owners,  for  the  establishment  of 
experimental  and  demonstration  plantations,  and  for  the  improve- 
ment of  woodlots.  This  number  includes  practically  all  timber 
trees,  whether  native  or  exotic,  which  give  promise  of  being  suited 
to  Ohio  conditions. 

ARTIFICIAL  PLANTAT10N9  AND   RBPORBSTATION 

This  work  has  encouraged  the  utilizing  of  waste  areas  about 
the  farm  in  the  better  agricultural  sections  of  the  state,  for  tree 
planting,  and  the  reforesting  of  waste  bodies  of  hill  land  in  parts  of 
southern  Ohio.  The  latter  operation  is  distinctly  different  from 
the  former.  In  agricultural  districts,  limitations  must  always  be 
placed  on  the  areas  devoted  to  forestry,  and  the  tree  species  must 
be  those  subservient  to  farm  requirements.  In  other  words 
commercial  tree  growing  is  of  doubtful  utility  in  certain  sections. 

In  portions  of  southern  Ohio  there  are  thousands  of  acres 
absolutely  non-productive,  which  cannot  be  reclaimed  unless  planted 
in  trees.  Under  such  conditions,  as  contrasted  with  the  forestry 
problem  in  the  good  agricultural  districts  of  the  state,  forestry 
plantations  are  a  commercial  venture. 

In  both  cases,  demonstration  operations  are  under  way,  and 
various  species  of  trees  are  being  tested  under  different  conditions 
of  soil  and  site. 

The  utilization  of  barren  areas  is  the  greatest  problem  in 
reforestation.  It  not  only  entails  the  wise  selection  .of  species  and 
mixtures  adapted  to  soil  and  site,  but  it  concerns  itself  with  methods 
of  procedure  and  with  economic  conditions,  made  complex  by  future 
contingencies.  We  cannot  base  our  future  needs  upon  what  the 
present  demands.  Hence,  the  value  of  a  forest  just  starting  will 
depend  entirely  upon  the  demands  for  its  product  at  maturity.  Our 
economic  conditions  are  constantly  changing,  and  the  demands 
made  upon  certain  forest  products  at  the  present  tinae  may  not 
exist  fifty  years  hence.  Handicapped  by  these  limitations  we 
will  be  safer  in  conforming  to  those  tree  species,  whose 
products  serve  a  variety  of  purposes,  instead  of  those  which  have 
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limited  utility.  Rapidity  of  growth,  adaptibility  to  conditions,  and 
utility  are  the  guiding  features.  Durability  and  a  few  other  factors 
are  important  considerations,  but  they  may  be  controlled  largely  by 
artificial  means. 

The  problem  of  methods  must  be  determined  largely  by  ex- 
perimentation. Briefly  summarized,  the  following  must  be 
considered: 

1.  Adaptability  to  soil  and  site. 

2.  Distance  of  planting.  ' 

3.  Adaptability  of  mixtures. 

4.  Thinning  (stage  and  degree). 

5.  Rotation  periods. 

6.  Harvesting. 

7.  Reproduction. 

All  of  the  above  factors  may  vary  under  local  conditions.  The 
Station  has  inaugurated  experiments  toward  a  solution  of  these 
problems.  Time  will  be  required  to  obtain  results  in  most  cases, 
although  some  may  be  determined  in  a  few  years. 

Enough  is  known  about  forest  planting  to  proceed  in  a  general 
way,  but  specific  information  regarding  best  methods  is  contingent 
upon  first  hand  knowledge.  It  must  not  be  assumed  that  forestry 
operations  are  impractical  because  of  the  lack  of  definite  infor- 
mation, but  the  fact  is,  that  a  solution  of  best  methods  means 
increased  profits  from  the  operations.  The  European  countries 
have  persistenly  increased  the  revenue  of  their  forests  through 
their  past  experience,  and  we  can  do  the  same  under  our  conditions 
and  much  sooner  than  they,  for  we  have  the  benefit  of  their 
experience. 

THB  MANAQEMBNT  OP   WOODLOTS   AND  PORBST  TRACTS 

Under  this  heading  we  are  concerned  with  our  native  forests. 
The  hardwood  woodlot  presents  the  most  complex  of  forestry  prob- 
lems, but  it  does  not  necessarily  follow  that  all  woodlots  are  difficult 
to  construct  or  manage  profitably.  Some  of  the  problems  are 
very  sitnple  indeed,  but  others  are  of  such  a  nature  that  only  the 
most  carefully  planned  experiment  will  bring  about  a  solution. 

The  comparatively  high  price  of  land  in  Ohio  demands  intensive 
methods  of  forestry.  The  methods  employed  in  the  management 
of  remote  mountain  areas,  far  removed  from  market  or  trans- 
portation facilities,  would  not  suffice  in  the  Ohio  woodlot. 

To  consider  the  problem  rightly  a  general  knowledge  of  wood- 
lot  conditions  is  desirable.  The  woodlots  of  this  state  are  detached, 
irregular  bodies  of   the   original  forest  from  which,  in  the  great 
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majority  of  cases,  the  valuable  merchantable  trees  have  beer 
removed,  leaving^  those  which  were  too  small  or  were  worthless  for 
the  market.  Thus  the  stand  is  often  not  only  under-normal  but 
contains  worthless  trees.  The  removal  of  the  latter  class  not  only 
decreases  the  stand,  but  the  remaining  trees  of  merchantable  species, 
if  they  exist,  stand  so  far  apart  that  they  develop  wide  crowns  and 
branching^  trunks,  thereby  destroying  their  value  and  preventing 
young  trees  from  growing  under  them.  It  is  frequently  not  d^ 
sirable  to  make  a  clear  cutting  in  a  woodlot  of  this  character,  because 
of  the  doubtful  utility  of  sacrificing  the  trees  just  mentioned  on 
account  of  the  growing  value  they  possess.  In  woodlots  where 
species  exist  which  are  usually  reproduced  by  natural  means,  the 
the  weed  trees  and  matured  trees  may  be  removed  gradually  with- 
out opening  up  the  forest  at  one  time,  allowing  the  young  seedlings 
to  fill  the  spaces,  and  thereby  eliminating  danger  of  making  the 
opening  too  large.  v 


A  plantation  of  Norway  spruce 

It  is  unfortunate,  however,  that  certain  types  of  woodlots, 
containing  under-normal  stands,  do  not  reproduce  themselves  to 
advantage.     The  young  seedlings  may  be  of  weed  growth. 

The  reproduction  and  second  growth  in  many  woodlots  is 
worthless,  and  of  such  density  that  almost  impenetrable  thickets 
are  formed.     This  frequently  results  where  blue  beech,    iron-wood 
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and  hickories  occur.  A  woodlot  of  this  character  entails  consider- 
able expense  in  order  to  place  it  on  a  profitable  basis,  for  it  is 
necessary  oftentimes  to  remove  this  growth  with  no  sale  for  its 
products.  Aside  from  this  an  outlay  for  planting  is  frequently 
necessary.  It  must  be  stated,  however,  that  certain  types  of  wood- 
lots  are  most  satisfactory  and  simple  to  operate.  The  ash,  tulii^  pop- 
lar and  maple  types  reproduce  very  readily  if  judgment  and  know- 
ledg"e  of  silviculture  are  at  hand.  No  phase  of  forestry  may  be 
said  to  be  as  practicable  and  profitable  as  the  reconstruction  of  these 
woodlot  types. 

That  the  people  of  the  state  are  becoming  awakened  to  the 
practicabilitiy  of  wood  lot  operations,  is  evidenced  by  the  constantly 
increasing  number  of  applications  for  assistance  in  their  manage- 
ment. The  following  table  gives  the  percentage  of  applications 
received  for  the  years  1904  to  1909  inclusive: 

PSRCBNTAQB  OP  APPLICATIONS  POR  TRSBS  POR  QROVB  PLANTING  AND 
POR  WOODLOT  IMPROVBMBNT 


For  groves 

For  woodlots 

•Percent 

Percent 

1904 

100 

0 

1905 

00 

0 

1906 

94 

6 

1907 

84 

16 

1908 

70 

30 

1909 

64 

36 

1910 

59 

41 

The  larger  number  of  applications  are  filed  during  the  winter 
months,  and  it  may  be  expected  that  the  number  of  applications  for 
1910  will  be  increased,  and  the  percentage  varied  before  the  ending 
of  the  year. 

A  PLAN  FOR  THE  TREATMENT  OF  THE  WOODLOT  OF  EUGENE  CRANZ 

LOCATION  AND  AREA 

The  tract,  consisting  of  12  acres,  is  located  in  Bath  township. 
Summit  County,  one  half  mile  west  of  the  village  of  Ira. 

OBOLOOY 

The  woodlot  is  located  upon  the  eastern  exposure  of  the  hills 
forming  the  western  limits  of  the  Cuyahoga  River  valley.  The 
general  slope  varies  from  2  to  10  percent.  Two  abrupt  ravines, 
extending  easterly,  traverse  the  area  on  the  north  and  south,  form- 
ing^  an  intermediate  plateau,  with  a  gentle  easterly  slope.  The 
slopes  of  the  south  ravine  are  almost  precipitious  in  places. 

The  soil  consists  of  the  clays  of  the  glacial  drift.  They  are 
lig^ht  and  of  considerable  fertility.  The  subsoil  is  inclined  to  be 
permeable  and  allows  of  good  root  drainage. 
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PRESENT   CONDITIONS 

The  woodlot  is  a  detached  remnant  of  the  original  forest.  A 
number  of  large  trees  have  been  removed,  but  the  process  of  culling 
has  never  been  carried  far.  The  growth  consists  of  beech,  white 
ash,  sugar  and  red  maples,  white  and  red  oaks,  tulip  poplar,  dog- 
wood, iron-wood,  black  walnut,  sour  gum,  black  cherry,  butternut, 
red  elm,  chestnut,  hickory,  and  large-toothed  poplar. 

Previous  to  three  or  four  years  ago  the  area  was  quite  heavil 
pastured.  After  livestock  was  excluded  seedlings  of  practically  all 
species  present  began  to  spring  up,  until  at  the  present  time  re- 
production of  certain  species  extends  over  the  entire  area,  with  the 
exception  of  those  portions  too  heavily  shaded  by  mature  beech  and 
maple.  The  seed  trees  of  ash,  tulip  poplar  and  chestnut  are  quite 
well  distributed  over  the  plateau  between  the  ravines. 

The  immediate  slopes  of  the  south  ravine  are  occupied  by  a 
stand  composed  largely  of  beech.  Iron-wood  seed  trees  have  unfor- 
tunately been  present,  and  in  consequence  the  reproduction  is  com- 
posed quite  largely  of  that  species  and  sugar  maple,  both  of  which 
tolerate  the  heavy  shade  of  the  beech  crowns. 

Reproduction.  White  ash  forms  the  largest  percentage  of 
reproduction.  Tulip  poplar,  sugar  maple,  cherry  and  the  oak  seed- 
lings are  also  abundant.  The  ash  and  tulip  poplar  are  to  be  relied 
upon  chiefly  in  composing  the  future  crop.  Chestnut,  while  of 
considerable  importance,  does  not  occur  in  sufficient  quantity  to 
influence  the  reproduction.  The  white  oak  is  of  slow  growth,  and 
not  as  adaptable  to  conditions  as  the  other  species.  The  red  oakis 
well  adapted  to  the  site,  but  its  reproduction  rarely  occurs.  Be- 
production  in  places  is  hindered  by  the  shade  of  the  overwood.  Jn 
some  cases  weed  trees,  like  beech,  dogwood  and  iron-wood  are  ov«> 
topping  and  seriously  injuring  young  seedlings. 

The  portion  of  the  woodlot  north  of  the  north  ravine  contains  a 
sapling  stand  of  tulip  poplar,  red  oak,  beech,  mulberry,  white  ashi 
hickory,  black  cherry,  butternut,  black  walnut,  sugar  maple,  red 
maple,  and  large-toothed  poplar.  This  growth  has  resulted  from  a 
clear  cutting  made  about  twelve  or  fifteen  years  ago.  The  valuable 
trees  in  this  growth  do  not  form  over  25  percent  of  the  stand. 

PLANS  FOR  IMPROVEMENT 

One  of  the  first  principles  of  agriculture  is  that  every  acre  of 
ground  should  produce  all  that  it  is  capable  of  producing.  This 
principle  applies  equally  well  to  the  woodlot.  In  order  that  a  wood- 
lot  may  be  worth  holding  for  such  purposes  it  must  contain  some 
young  growth  of  value. 
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The  possibilities  in  reconstruction  are  greater  in  this  woodlot 
than  in  the  majority  of  its  particular  type.  The  important  factor, 
which  makes  reconstruction  comparatively  easy,  is  the  readiness 
with  which  natural  reproduction  took  place  as  soon  as  conditions 
were  made  favorable*  for  its  existence. 

Cuttings.  This  woodlot  could  in  all  probability  be  entirely  re- 
constructed by  natural  regeneration,  although  in  certain  specific 
cases  planting  would  probably  be  more  profitable.  The  system  of 
reproduction  cuttings  under  the  patch  or  group  method  of  thinnings 
can  be  most  successfully  applied.  Cuttings  made  with  the  idea  of 
establishing  a  new  growth  of  trees,  in  place  of  those  removed,  may 
be  called  reproduction  cuttings.  Under  the  patch  method,  plots  of 
worthless  or  matured  trees  are  removed  and  the  area  allowed  to  re- 
generate to  a  new  crop,  or  is  planted  to  species  desired.  Other 
systems  of  management  might  apply  here,  but  the  conditions  in- 
fluencing this  particular  case  seem  to  warrant  the  above  method 
being  used. 


A  profitable  walnut  grove  in  Wyandot  county 

Areas  varying  in  size  will  be  selected,  and  the  large  or  weed  trees 
removed.  These  areas  will  contain  largely  beech,  dogwood,  iron- 
wood,  etc.  This  same  method  will  apply  where  the  poplar  and  ash 
trees  are  desired  for  building  purposes.  While  the  group  plan  may 
be  adhered  to  as  the  general  principle  of  regeneration,   cuttings  of 
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individual  trees  must  be  made  where  worthless  trees  overtop  g-roups 
of  seedlings.  The  removal  of  seed  trees  of  undesirable  species,  as 
iron-wood,  blue  beech,  beech  and  red  maple,  all  of  which  are  prolific 
seed  bearers  and  disseminators,  is  necessary.  Aloreover,  they  have 
a  marked  degree  of  shade  endurance,  and  are  prone  to  establish 
themselves  under  cover  of  the  older  trees,  where  much  of  the  desir- 
able reproduction  will  not  exist.  Such  has  been  the  case  on  the  area 
where  the  clear  cutting  was  made,  the  stand  here  is  composed  of  75 
percent  weed  trees. 

Planting.  The  operation  of  planting,  while  many  times  neces- 
sary in  woodlots,  is  often  misused,  and  trees  and  labor  are  wasted. 
For  profitable  reconstruction  in  parts  of  this  area,  however,  planting^ 
of  trees  will  be  required. 

A  portion  of  the  southern  exposure  of  the  south  ravine  (area  P), 
consisting  almost  entirely  of  beech,  was  clear  cut  during  the  winter 
of  1909-10  and  planted  to  white  pine  at  a  distance  of  6x6  feet.  This 
species  seems  adaptable,  owing  to  the  comparatively  thin  soil  and 
southern  exposure.  The  beech  in  this  case  was  utilized  for  firewood. 
It  is  recommended  that  the  entire  southern  exposure  of  the  ravine 
be  clear  cut  of  the  trees  now  growing,  and  be  replanted  to  white 
pine  as  far  as  the  degree  of  slope  permits.  The  pine  should  be 
planted  in  mixture  with  Norway  spruce  or  European  larch.  Clear 
cutting  is  also  recommended  for  the  northern  exposure.  Some 
reproduction  of  iron-wood  and  sugar  maple  occurs  here.  Tulip  poplar 
and  red  oak  should  be  interplanted;  chestnut  may  also  be  used,  the 
spacing  being  about  6x6  feet.  All  planting  should  be  done  the 
spring  following  the  removal  of  the  timber,  and  the  area  cleared 
each  year  should  not  be  greater  than  can  be  planted  each  spring. 
This  will  serve  to  check  the  deterioration  of  the  soil  by  exposure  to 
drying  and  washing  and  the  subsequent  loss  of  vegetable  fibre.  A 
season's  growth  of  stump  sprouts,  grass,  etc.  which  invariably 
spring  up  with  the  removal  of  the  large  trees,  may  seriously  inter- 
fere with  planting  operations.  This  condition  is  one  of  the  worst 
difficulties  attending  planting  operations  on  cutover  land. 

Open  spaces  (R)  have  existed  for  anumber  of  years  and  there- 
production  in  consequence  has  attained  better  development.  In  the 
spring  of  1908  some  catalpas  were  interplanted  atoong  the  ash,  tulip, 
cherry,  oak  and  iron-wood  seedlings.    They  have  done  remarkably 

well. 

The  cutover  area  (S)  should  receive  early  attention.  The  weed 
trees  should  be  cut  out  and  the  tulip  poplar,  ash,  oak  and  walnut 
saplings,  forming  about  25  percent  of  the  stand,  should  be  reinforced 
with  white  pine  and  Norway  spruce.  Larch  and  bald  cypress  may 
be  used  in  the  more  open  places. 
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The  area  (Br.)  consists  of  a  growth  of  weeds  and  briars.  They 
may  be  cut  with  a  brush  hook.  A  planting  of  red  oak  and  red  maple 
in  mixture  is  recommended.  The  species  may  be  planted  alternately 
six  feet  each  way. 


A  plantation  of  white  pine  at  Wooster 

Logging  Operations.  These  operations  do  not  call  for  any 
amount  of  skill,  although  the  process  of  removing  the  logs  from  the 
south  side  of  the  south  ravine  is  a  difficult  one.  This  may  be  ac- 
complished by  precipitating  the  logs  into  the  ravine  and  following 
its  course  to  the  mouth. 

Favorable  Influences.  The  favorable  influences  must  always 
be  considered  in  woodlot  reconstruction.  The  reservation  of  the  area 
from  live  stock  is  the  paramount  consideration.  Before  attempting 
operations,  one  must  thoroughly  make  up  his  mind  that  no  animals 
shall  be  allowed  to  browse  within  the  woodlot  limits.  Possible 
exception  may  be  made  in  the  case  of  hogs.  Factors  which  provide 
for  and  maintain  good  forest  conditions  must  be  thoroughly  under- 
stood. It  is  a  matter  of  considerable  importance  that  the  leaf  litter 
be  preserved  to  form  the  necessary  mulch  for  the  trees,  and  to 
maintain  and  increase  the  fertility  of  the  soil.  Care  and  judgment 
should  be  exercised  in  felling  trees  and  removing  timber,  so  as  to 
afiFord  as  much  protection  as  possible  to  the  young  growth.  For 
this  purpose  spring  cutting  is  not  advisable.     At  this   period   all 
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growth  is  succulent  and  very  susceptible  to  injury.  The  prevention 
of  fires,  which  mig^ht  follow  neg^ligence  in  burning  brush  is  essential. 
A  fire  may  destroy,  in  a  few  hour's  time,  what  may  have  been 
accomplished  in  as  many  years.  The  careful  selection  of  seed  trees 
of  the  rig^ht  species,  and  the  removal  of  those  which  are  weeds  is  to 
be  attended  to.  Matured  or  weed  trees,  which  interfere  with  the 
development  of  the  valuable  reproduction  should  be  removed.  The 
foregoing"  are  all  important  factors,  which  go  to  increase  the  pro- 
ductiveness of  forest  land. 

Wind  Break.  The  establishment  of  a  dense  growth  about  the 
borders  of  the  woodlot  is  of  considerable  importance.  This  prevents 
the  wind  from  blowing  the  leaves  away,  and  thereby  prevents  the 
encroachment  of  grass  which  is  inimical  to  tree  growth.  It  also 
prevents  windfalls  and  injury  to  the  trees  within.  Evergreens  are 
the  most  satisfactory  for  this  purpose,  owing  to  the  manner  in  which 
they  retain  their  lower  branches.  Two  rows  have  been  planted 
along  the  west  border  of  the  woodlot,  and  a  similar  planting  may  be 
made  on  the  north  side.  A  portion  of  the  west  and  south  sides  are 
protected  by  adjacent  woodlots.  The  east  side  is  protected  on 
account  of  being  at  the  base  of  the  slope.  The  pines  on  the  west 
are  planted  alternately  6x6  feet. 

Summary  of  Recommendations.  1.  The  entire  woodlot,  as  far 
as  practicable,  should  be  reconstructed  by  the  reproduction  of  the 
original  valuable  species  it  contains,  reconstruction  to  be  carried  out 
under  the  patch  or  group  method  by  reproduction  cuttings. 

2.  Groups  of  the  most  worthless  trees  to  be  first  removed. 

3.  Clear  cutting  to  be  made  of  beech,  maple  and  oak  on  both 
slopes  of  the  south  ravine. 

4.  All  prolific  seed  bearers,  disseminators  of  weed  species,  to  be 
removed.  This  includes  iron-wood,  blue  beech,  and  in  some  cases 
red  maple. 

5.  All  weed  or  matured  trees  overtopping  young  seedlings  to 
be  removed. 

6.  In  the  regeneration  of  the  woodlot,  tulip  poplar,  white  ash, 
chestnut  and  red  oak  should  be  favored. 

7.  The  weed  trees  to  be  removed  from  the  cutover  area  (S). 

8.  The  south  slope  of  the  ravine  to  be  planted  to  pine  and 
spruce.     Trees  to  be  spaced  6x6  feet. 

9.  The  north  slope  to  be  planted  to  hardwoods,  tulip  poplar, 
chestnut,  and  red  oak,  spacing  6x6  feet.  All  planting  to  be  per- 
formed the  spring  following  the  removal  of  the  present  growth. 

10.  The  25  percent  stand  of  merchantable  saplings  on  the  cut- 
over  area  (S)  to  be  reinforced  with  white  pine  and  Norway  spruce, 
the  former  in  the  more  open  spaces,    and   the  latter  in  the  shaded 
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portions.   Bald  cypress  and  European  larch  may  be  used    sparingly 
in  open  places. 

11.  Area  (Br),  containing  briars  and  weeds  to  be  planted  to  red 
oak  and  red  maple,  spaced  alternately  6x6  feet. 

12.  A  wind  break  of  white  pine  to  be  maintained  along  the 
exposed  portions  of  the  west  border  of  the  woodlot. 

13.  The  leaf  mulch  to  be  carefully  maintained. 

14.  No  cuttings  to  be  made  during  the  months  of  March, 
April  and  May. 

15.  Protection  to  be  given  against  fire,  bearing  in  mind  that  a 
fire  may  in  a  very  short  time  seriously  injure  the  young  trees  and 
eventually  kill  all. 

16.  The  absolute  exclusion  of  all  livestock  from  all  -parts  of  the 
-woodlot, 

THE  FOREST  SURVEY 

This  work  was  begun  in  1906  in  a  limited  way  and  has  been 
carried  on  each  succeeding  year,  so  far  as  consistent  with  available 
funds.  • 

During  the  summer  of  1910  two  men  were  employed.  The  area 
covered  includes  ten  counties,  viz:  Ashland,  Richland,  Crawford, 
Wyandot,  Hardin,  Allen,  Hancock,  Putnam,  Van  Wert  and 
Mercer.  The  survey  was  only  preliminary  and  in  the  nature  of  a 
reconnaissance.  The  chief  work  consisted  of  the  inspection  of  the 
artificial  tree  plantations,  established  in  cooperation  with  the  Station. 
Data  were  taken  on  many  of  the  groves  under  different  conditions 
of  soil,  site,  and  systems  of  treatment,  and  suggestions  were  given 
for  their  future  care.  Many  other  plantations,  established  inde- 
pendently of  the  Station,  were  examined  and  data  obtained.  Parties 
applying  to  the  Station  for  assistance  in  the  different  phases  of 
forestry  work  were  seen,  and  suggestions  offered  to  meet  their 
particular  needs.  •  - 

Another  important  phase  of  the  survey  consisted  in  the  examin- 
ation of  the  native  woodlots.  The  various  types  throughout  the 
region  traversed  were  studied,  and  data  taken  on  their  condition. 

RESULTS  OF  THE  SURVEY 

Succinctly  stated,  the  information  obtained  through  the  survey 
indicates  that  practically  no  knowledge  of  fundamental  forestry 
principles  exists  among  land  owners.  In  many  cases  where  the 
initiative  is  assumed  by  an  interested  woodlot  owner  in  an  attempt 
to  improve  his  woodlot,  the  methods  employed  have  been  precisely 
the  reverse  of  proper  procedure.  No  operations  in  agriculture  re- 
quire  more  skill  and   basic  knowledge  than  those   which    underlie 
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forestry.  In  the  operations  of  the  field,  where  annual  crops  are 
produced,  errors  in  management  may  be  rectified  from  year  to  year. 
In  those  of  the  forest,  where  many  years  are  required  to  produce 
the  crop,  there  are  no  possibilities  of  correcting  errors,  excepting 
through  great  loss.  Hence,  the  value  of  well  laid  plans  in  accordance 
with  well  known  forest  principles  cannot  be  over-rated.    Education, 


therefore,  must  necessarily  be  an  important  factor  in  influencing: 
progress  and  the  knowledge  disseminated  should  come  through 
technically  trained  men,  who  can  study  the  problem4B  understand- 
ingly,  and  whose  solutions  are  aided  by,  and  based  upon,  previous 
training,  coupled  with  experience  and  knowledge  of  conditions. 
General  information  will  not  sufiice.  Individual  conditions  and 
problems  must  be  studied  and  met,  and  specific   remedies  applied. 
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A  woodlot  to  woodlot  canvas  is  the  very  best  solution  of  the  pro- 
blem of  education,  as  well  as  for  determining:  conditions  and  specific 
needs.  Woodlots  are  individual  and  the  treatment  prescribed 
for  one,  in  all  probability,  will  not  apply  exactly  to  any  other. 
A  forest  survey  offers  the  only  opportunity  of  becoming: 
familiar  with  the  forest  conditions  of  the  state,  and  upon  these 
conditions  must  be  based  the  entire  forest  policy.  The  survey 
stands  for  organized  research,  and  is  the  determining  factor  in 
experimental  for-estry.  It  is  the  most  useful  means  of  setting  forth 
the  aims  of  forestry,  and  in  determining  where  it  can  best  be 
practiced.  Results  of  a  crusade  of  this  nature,  as  far  as  the  educa- 
tion of  the  public  is  concerned,  are  not  always  apparent,  and  may  be 
discouraging  or  seemingly  lacking.  It  is  a  virtual  impossibility, 
under  the  limitations  of  our  knowledge  of  silviculture,  to  answer  all 
the  questions  of  the  public,  and  it  is  impossible  to  induce  many  to 
attempt  operations.  It  is  a  new  venture,  and  there  is  a  just 
hesitancy  to  undertake  work  in  an  unkown  field.  The  time  limit 
and  lack  of  object  lessons  are  futher  barriers.  However,  the  ap- 
proach of  the  forester  and  a  few  simple  explanations  of  how  the 
woodlot  might  be  made  more  productive,  the  setting  forth  of  the 
valueof  growing  timber  or  the  imprudence  of  cutting  young  trees 
from  steep  hillsides  for  the  sake  of  a  half  crop  of  tobacco  or  corn 
fodder,  all  has  its  influence.  It  startc  the  land  owner  to  thinking, 
and  although  he  does  not  always  commence  active  operations  to  plant 
his  untillable  land,  or  improve  his  woodlot,  he  concludes  to  let  the 
timber  remain  that  he  previously  intended  to  cut  off.  Without 
doubt  thousands  of  dollars  have  been  saved  to  the  land  owners  of 
Ohio  through  eight  or  nine  months  of  the  forest  survey.  Many 
thousand  feet  of  lumber  will  be  marketed  which  was  unconsciously 
being  allowed  to  deteriorate  in  the  woods.  Millions  of  young  trees 
have  been  saved  from  the  browsing  of  livestock,  and  will  be  delivered 
as  a  heritage  to  future  generations,  being  valued  meanwhile  as  a 
growing  asset  to  the  land  on  which  they  stand.  Many  suggestions 
have  been  put  into  practice  and  become  object  lessons  for  others  to 
follow.  Many  steep,  eroded  hillsides  will  be  clothed  in  the  garments 
that  rightfully  belong  to  them,  although  the  crusader  may  never 
know  that  the  awakening  was  the  result  of  his  work. 

TRBB    PLANTATIONS 

There  has  been  considerable  interest  manifested  in  the  planting 
of  groves  for  post  and  pole  materials  and  windbreaks.  The  greater 
number  of  these  groves  are  catalpa.  This  species  has  been  popular 
with  the  farmers  in  the  better  agricultural  districts.  The  groves 
examined  have  done  fairly  well.     Neglect  has  been  the    worst  diflS- 
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culty  with  which  to  contend.  A  catalpa  or  locust  grove  can  be 
neg^lected  and  still  survive,  while  a  corn  field  cannot.  In  other 
words,  many  of  these  groves  are  neglected  on  account  of  the 
necessity  of  attending  toother  farm  crops. 

Cultivation.  Cultivation  is  one  of  the  most  important  features, 
where  plantations  are  established  on  tillable  land,  and  it  is  one  that 
is  the  most  neglected.  Tree  growing  in  good  agricultural  soil 
requires  the  very  best  of  treatment  to  produce  reasonable  profits. 
The  tendency  among  owners  is  to  cultivate  for  the  first  or  even 
second  year,  frequently  growing  crops  between  the  trees.  The 
effect  of  this  treatment  is  manifest  for  the  first  three  years,  but 
thereafter  comes  a  slump  in  development.  Groves  in  which  judicious 
cultivation  was  carried  on  for  three  or  even  four  seasons  have  shown 
results  from  such  treatment.  Grass  and  weeds  are  the  worst 
enemies  resulting  from  lack  of  cultivation.  Where  trees  are  spaced 
eight  or  ten  feet  apart  the  widest  way,  cultivation  can  be  very  con- 
veniently carried  on  for  three  years.  Three  cultivations  per  season 
under  ordinary  conditions  will  suffice.  It  is  usually  better  to  grow 
crops  for  the  first  two  seasons.  Soybeans,  cowpeas  or  possibly 
buckwheat,  are  good  crops  to  sow  with  the  cessation  of  cultivation, 
and  even  during  the  period  of  cultivation.  These  crops  may  be 
allowed  to  fall  and  serve  as  a  mulch.  It  seems  especially  important 
that  a  cover  crop  be  sowed  after  the  last  cultivation.  Deep  cultivation 
the  third  season  may  do  considerable  injury,  by  destroying  the 
fibrous  roots  lying  near  the  surface.  This  is  particularly  true  when 
culture  is  neglected  the  first  year  or  two.  This  same  principle  may 
apply  the  second  season,  providing  no  tillage  is  carried  on  the  first. 
In  order  to  get  the  best  results,  therefore,  it  is  important  that  cultiva- 
tion be  started  as  soon  as  necessary  after  the  setting  of  the  trees, 
and  continued  faithfully  until  the  close  of  the  third  season. 
Exception  should  be  made  in  case  of  non-tillable  land  or  slopes  or 
flood  plains  liable  to  wash. 

Mulching.  Mulching  is  one  of  the  most  practicable  forms  of 
culture  where  trees  are  planted  on  slopes  and  hillsides  liable  to  erode, 
and  upon  non-agricultural  land.  It  is  also  of  good  utility  after  the 
cessation  of  cultivation,  particularly  on  heavy  soil  liable  to  pack  or 
bake,  and  in  that  devoid  of  vegetable  fibre.  The  straw  of  many 
field  crops,  also  tree  leaves,  may  be  used  for  mulch  material.  Wheat 
straw  is  the  most  easily  obtained  and  probably  the  most  economical 
An  application  may  be  made  four  or  five  inches  thick  within  a  radius 
of  three  or  four  feet  about  the  tree.  In  cases  where  cultivation  has 
been  neglected  the  grass  and  weeds  may  be  cut  and  placed  about 
the  trees. 
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That  mulching  increases  liability  of  mice  injury  is  true,  although 
by  proper  management  this  difficulty  can  be  eliminated.  It  has 
been  observed  that  ordinarily  mice  do  not  like  to  work  far  from  cover, 
and  their  ravages  are  always  worse  where  dead  grass  or  debris  of 
any  kind  is  lying  adjacent  or  close  to  the  tree.  Little  injury  has 
been  observed  where  the  ground  is  bare  close  about  the  trees,  unless 
there  has  been  a  covering  of  snow,  under  which  cover  mice  some- 
times work.  Asa  means  of  preventing  injury,  therefore,  it  is  advised 
that  all  mulch  material  be  drawn  from  each  tree  within  a  radius  of 
at  least  two  feet,  and  all  grass  or  debris  of  any  kind  should  be 
ncluded,  leaving  the  ground  as  bare  as  possible.  These  precautions 
may  be  supplemented  by  throwing  a  shovelful  or  two  of  dirt  about 
those  trees  liable  to  injury. 


Beds  for  propagating  evergreens 

Pruning.  With  certain  forest  trees  pruning  operations  are 
second  only  to  cultivation  in  importance,  and  often  second  to  none. 
This  operation  is  of  special  importance  in  growing  the  catalpa,  which 
does  not  prune  itself  of  side  branches.  Almost  all  species  used  in 
commercial  plantations  may  be  pruned  to  greater  or  less  extent  with 
profit. 

Observations  of  the  survey  indicate  generally  a  seeming  lack  of 
knowledge  in  regard  to  the  proper  methods  and  function  of  pruning. 
Where  such  operations  have  been  undertaken  in   a  grove   they   are 
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usually  carried  to  the  extreme,  or  are  conducted  in  such  a  manner 
as  to  fail  to  accomplish  the  purpose  for  which  pruning"  is  intended. 
There  is  a  lack  of  knowledge  among  many  regarding  the  function 
performed  by  different  parts  of  the  tree,  and  in  consequence  pruning 
cannot  be  carried  on  intelligently.  The  branch  of  a  tree  is  generally 
considered  a  necessary  evil,  and  a  thing  to  be  gotten  rid  of  in  order 
to  produce  timber.  It  is  of  course  necessary  to  prune,  but  it  is  im- 
portant to  know  what  limbs  toremove  and  to  what  extent  such  opera- 
tions should  be  carried.  Judging  from  experience  of  the  past,  it  is 
evident  that  instruction  in  the  principles  of  pruning  is  a  matter  neces- 
sitating actual  example  on  the  ground .  Suggestions  given  through  the 
medium  of  bulletins,  along  with  illustrations,  serve  to  give  consider- 
able information,  but  results  are  not  as  satisfactory  as  those  obtained 
through  actual  demonstration. 


One-year-old  white  pine  transplants 

A  detailed  discussion  of  culture  and  pruning  will  appear  in  a 
separate  publication  of  this  Station. 

Nursery  Stock.  Too  much  care  cannofbe  exercised  in  secur- 
ing good  nursery  stock,  and  in  the  case  of  catalpa,  that  which  is  true 
to  name.  There  has  been  frequent  misrepresentation  by  unscrup- 
ulous and  uninformed  persons,  who  traverse  the  country   represent- 
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ing:  themselves  as  the  agents  of  nursery  firms.  In  many  cases  these 
individuals  do  represent  firms  of  unknown  reputation;  in  others  the 
firms  they  claim  to  represent  do  not  exist,  but  inferior  stock  is 
bougfht  and  delivered  to  parties  to  fill  orders  taken.  Cases  of 
misrepresentation  are  confined  largfely  to  the  catalpa,  but  other 
species  are  also  involved.  The  g^rossest  misrepresentations  regard- 
ing: the  true  status  of  catalpa  have  been  made,  and  have  induced 
parties  to  purchase  stock  of  unknown  origin,  at  exorbitant  prices. 
Cases  are  known  where  from  twenty-five  to  forty  dollars  per  thousand 
has  been  paid  for  12-  to  18-inch  catalpa  and  locust  seedlings,  with  the 
advice  that  they  be  planted  at  the  rate  of  from  2,000  to  5,000  per  acre, 
supplementing  this  with  the  startling  information  that  they  grow  to 
post  size  in  three  years,  and  pole  size  in  six  to  ten  years.  These 
statements  are  so  grossly  exaggerated  that  they  should  appear 
manifestly  untrue  to  even  the  most  uninformed.  Not  only  does  such 
action  operate  against  the  land  owner  and  the  cause  of  forestry,  but  it 
is  a  hindrance  to  the  welfare  of  honest  nurserymen,  and  has  caused 
some  to  discontinue  handling  the  catalpa.  It  is  as  much  to  the 
interests  of  the  forest  nurserymen  to  cooperate  in  stamping  out  this 
practice  as  to  any  concerned. 

THB  SPECIES  OP  CATALPA 

That  there  are  several  species  of  the  catalpa,  only  one  of  which 
is  suitable  for  forestry  planting,  is  not  as  well  known  as  it  should  be. 
Prior  to  this  time,  cause  existed  for  the  distribution  and  planting  of 
the  wrong  species,  but  with  the  dissemination  of  information, 
through  our  agricultural  institutions  and  press  regarding  this 
matter,  there  is  no  excuse  for  the  prospective  planter  being  unin- 
formed and  much  less  for  the  party  who  sells  and  distributes  the 
seed  and  trees. 

Throughout  the  area  covered  by  the  Survey  the  number  of 
gfroves  containing  spurious  trees  is  startling.  Spurious  stock  has 
not  only  been  distributed  during  the  past,  but  what  is  worse,  is  still 
being  sold. 

The  species  of  catalpa  cannot  usually  be  determined  until  the 
tree  has  made  several  years'  growth.  It  is  very  difficult  if  not 
practically  impossible  to  determine  species  of  seedling  trees, 
especially  when  the  leaves  are  off.  The  loss  attendant  upon 
planting  the  wrong  species  is  two-fold,  owing  to  the  non-productivity 
of  the  land  from  the  time  of  setting  the  seedlings  until  their  true 
nature  is  evidenced,  and  to  the  outlay  involved  in  planting  and  care. 
It  is  evident,  in  the  light  of  facts  obtained  by  the  Survey,  that  too 
much  care  cannot  be  exercised  in  securing  catalpa  speciosa  seed  and 
trees  true  to  name. 
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proper  channel.  Among:  those  who  have  undertaken  the  task  of 
improvement,  many  have  chosen  the  wrong  course  at  the  outset. 
One  of  the  most  common  errors  attributed  to  woodlot  owners  is 
their  attitude  toward  undergrowth  and  reproduction.  Almost 
invariably  undergrowth  is  considered  a  detriment,  and  one  of  the 
first  factors  to  be  eliminated.  The  only  asset  considered  is  the  large 
trees.  The  small  ones  which  are  growing  into  value,  besides 
serving  as  a  protection  to  the  older  ones,  are  destroyed  as  weeds. 
It  is  frequently  found  that  sheep  and  other  live  stock  have  ^  been 
turned  into  the  woodlot  for  the  purpose  of  cleaning  up  this  growth, 
little  realizing  that  the  fundamental  principles  of  forestry  were 
being  violated.  In  other  cases  the  expensive  operation  of  cutting 
out  the  undergrowth  was  being  practiced.  Examples  of  removing 
young,  valuable  poplars,  oaks  and  ash  for  the  purpose  of  planting 
exotic  trees  for  certain  special  purposes  are  frequent.  There  is  a 
general  disposition  to  preserve  mature  trees,  even  though  they  are 
on  the  decline,  and  should  be  marketed.  Tl\e  idea  of  the  utility  of 
natural  reproduction  in  perpetuating  the  woodlot  is  seldom  con- 
ceived, nor  does  it  seem  to  be  popular  when  advanced.  The  prevail- 
ing opinion  is  the  necessity  of  planting,  instead  of  allowing  the 
woodlot  to  reseed  itself  in  so  far  as  practicable,  and  aiding  this  by 
skillful  manipulation  of  the  axe  in  removing  undesirable  trees;  not 
realizing  that  in  improvement  operations  the  axe  must  play  as 
important  a  role  as  the  spade. 

The  pernicious  habit  of  grazing  woodlots  is  the  most  disas- 
trous influence  tending  to  destroy  the  forests  of  Ohio.  Unlike  the 
ravages  of  fire,  it  is  insidious  in  its  nature,  and  is  not  commonly 
observed  until  the  evil  is  accgmplished,  and  even  then  the  injury  is 
not  apparent  to  many.  Before  attempting  to  describe  the  evils 
resulting  from  this  practice,  it  seems  advisable  to  set  forth  some  of 
the  principles  underlying  woodlot  operations,  which  are  violated  by 
grazing.  One  of  the  first  requirements  of  a  profitable  forest  is  that 
it  contain  young  trees.  This  protective  undergrowth  is  beneficial 
in  shading  the  ground,  preserves  the  moisture,  adds  humus  and 
vegetable  fibre  to  the  soil,  and  prevents  the  growth  of  grass,  which 
is  harmful  to  trees. 

Grazing  destroys  all  these  factors  and  works  further  injury  by 
puddling  the  soil  and  exposing  the  roots.  Animals  maim  the  latter 
by  trampling.  Browsing  not  only  destroys  young  trees  but  often 
distorts  them  in  such  a  manner  that  they  never  develop  into  mer- 
chantable trees.  Before  attempting  to  improve  a  woodlot  one  must 
resolve  to  exclude  livestock,  and  remain  firm  in  the  resolution. 
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The  loss  entailed  through  the  practice  of  pasturing  isenormotis. 
While  there  are  no  definite  estimates  of  the  damage  in  money  value, 
it  may  be  conservatively  said,  that  it  amounts  to  many  thousands  of 
dollars. 


White  ash  seedlings  one  year  old 

The  great  majority  of  existing  forest  tracts  are  not  real 
w^oodlots  but  mere  woodland  pastures,  having  no  real  value  for 
forestry  purposes  and  but  little  for  pasture.  The  trees  they  con- 
tain are  not  sufiScient  in  number  nor  kind  to  make  them  of  any  value 
as  timber  tracts,  and  yet  there  is  too  much  shade  to  allow  a  stand  of 
nourishing  grass  to  grow.  In  many  cases,  therefore,  these  wood- 
lands are  being  sustained  at  a  loss  to  the  owners.  The  actual  value 
of  the  woodland  pastures,  as  estimated  by  2,365  owners,  does  not 
exceed  15  cents  per  acre  annually,  and  the  value  of  the  stand  of  trees 
is  worth  little,  because  those  which  remain  have  been  damaged  by 
browsing.  Frequently  the  loss  is  two-fold  by  allovring  the  matured 
trees  to  deteriorate  instead  of  marketing  them.  It  is  often  evident 
that  trees  in  a  woodlot  are  not  looked  upon  as  a  crop.  The  fact  that 
they  grow  and  mature  as  any  other  crop  is  not  realized  by  the 
great  majority  of  people.  The  popular  idea  of  a  woodlot  seems  to 
be  only  in  terms  of  large  trees,  which  are  looked  upon  as  remaining 
indefinitely,  unless  destroyed  by  the  axe  or  the  hand  of  Providence. 
To  many,  a  young  tree  is  nothing  but  a  weed. 


Digitized  by 


Google 


FOKEST  CONDITIONS  IN  OHIO 


97 


Statistics  place  the  number  of  acres  of  forest  land  in  Ohio  at 
2,275,069,  which  is  13  percent  of  the  total  area.  The  investig-ations 
of  the  Survey  show,  as  far  as  its  limits  extend,  that  85  percent  of 
tire  so  called  forest  areas  are  not  real  forests,  but  mere  woodland 
pastures  and  worth  but  little  for  pasture  purposes. 

The  following  table  shows  the  number  of  woodlots  examined: 
A  indicates  the  precentage  of  areas  which  have   no  value  for 
forestry  purposes,  and  which  cannot  be  profitably  reconstructed. 

B,  those  which  are  pastured,  but  by  the  exclusion  of  live  stock 
can  be  reconstructed. 

C,  those  areas  which  have  not  been  pastured. 

The  data  includes  the  territory  covered  by  the  Survey  during 
the  season  of  1910. 

RBCORD  OP  WOODLOT  s6rVBY  IN  TBN  COUNTIES,  1910 


County 

Total 

number 

woodlots 

examined 

Pastured 
A 

Pastured 
B 

Un- 

pastured 

C 

Percent 
pastured 

Percent 

pastured 

B 

Percent 

Un- 

pastured 

C 

Van  Wert. 

Richland 

168 
291 
225 
199 
265 
267 
120 
232 
225 
373 

2365 

91. 
120. 
100. 
116. 
145. 
122. 

55. 
123. 
128. 
199. 
119.9 

56. 

96. 
101. 

54. 

88. 
106. 

43. 

70. 

70. 
114. 

79.8 

21. 
75. 
24. 
29. 
32. 
39. 
22. 
39. 
27. 
60. 
36.8 

54.0 
41.5 
44.4 
58.3 
54.6 
45.5 
45.8 
53.0 
57.0 
52.0 
60.61 

33.0 
33.0 
44.9 
27.1 
33.2 
40.0 
35.9 
30.2 
31.0 
31.0 
33.93 

13.0 
25.5 
10.7 
14.6 
12.2 
14  5 

Wyandot 

Putnam 

Ashland 

18.3 
168 
12.0 
17.0 
15.46 

Crawford 

XUen      

Hancock 

Ji,YCT2L.S[C    

Total 

The  problem  of  forest  and  pasture  can  be  solved  in  many  cases 
by  dividing  the  woodland  into  two  parts,  reserving  from  livestock 
the  portion  best  suited  to  forestry  purposes,  and  devoting  the  other 
portion  to  pasturage,  clearing  off  all  the  trees  excepting  those 
desired  for  shade. 

FORBST  NURSERIBS 

The  Station  has  several  acres  devoted  to  the  growing  of  forest 
and  ornamental  tree  seedlings.  Nurseries  have  been  established 
in  connection  with  the  Experiment  Station  at  Wooster,  the  Boys' 
Industrial  School  at  Lancaster,  Kenyon  College  at  Gam  bier,  the 
Sanitorium  at  Mt.  Vernon,  Miami  University  at  Oxford,  and  the 
Lima  State  Hospital  at  Lima.     This  work  is  being  carried  on  in  a 
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limited  way  at  the  institutions,  but  it  is  hoped  to  enlarg:e  the  areas 
and  increase  the  number  of  treis  g^rown  each  year.  A  variety  of 
species  is  being:  grown  at  each  place,  and  good  results  will  be  ol>- 
tained  with  regard  to  the  adaptability  of  different  species  to  soil 
conditions. 

A  fine  line  of  exotic  ornamentals  is  growing  in  the  Wooster 
nursery.  This  number  includes  a  collection  of  many  rare  and 
beautiful  trees.  169  species  of  trees  were  planted  in  the  spring  of 
1909  and  of  the  entire  number  only  one  species  entirely  succumbed  to 
the  unusually  severe  winter  conditions. 

The  following  is  a  list  of  the  more  important  forest  tree  seed- 
lings in  the  Station  nurseries. 


Species 

Ash,  European 
Ash,  White 
Catalpa 
Cypress,  Bald 
Larch,  European 
Hemlock 
Oak,  Burr 
Oak,  Red 
Pine,  White 


Pine,  Norway 
Pine,  Austrian 
Pine,  Scotch 
Pine,  Banksian  (Jack) 
Poplar,  Norway 
Spruce,  Norway 
Walnut,  Black 
Spruce,  Douglas 


Size 

18  to  24  inches 

6  to  24 

6  to  24 
12  to  24 
10  to  18 

6  to  12 
12  to  24 

6  to  12 
3  yrs.  trans. 

2  yrs.  trans. 

3  yr.  seedlings 
2  yr.  seedlings 
1  yr.  seedling's 
12  to  18  inches 

6  to    8  ** 

6  to   8  ** 

6  to   8  ** 

18  to  24  ** 

10  to  24  ** 

18  to  24  ** 

6  to  18  ** 


trans. 


trans. 


trans. 


Practically  all  these  give  evidence  of  adaptability  to  soil  con- 
ditions, notwithstanding  the  unfavorable  season  of  1910.  The  white 
pine  is  a  particularly  promising  tree,  and  will  no  doubt  be  of  great 
utility  in  the  reforesting  operations  of  southern  Ohio.  It  has 
shown  a  special  fitness  for  Wooster  and  Mt.  Vernon  soils. 

There  is  need  of  larger  areas  and  better  facilities  for  the  work. 
The  present  capacity  of  the  nurseries  is  over  half  a  million  trees, 
but  this  should  be  increased  to  at  least  twice  the  amount.  It  is 
important  also  that  a  system  of  water  supply  be  provided.  Such 
system  could  be  used  to  advantage  every  season. 
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FOREST  TRBB  DISTRIBUTION 

The  station  has  distributed  seedling  trees  gratis  since  1904. 
This  distribution  has  been  entirely  for  demonstration  and  experi- 
mental purposes  .  It  appeared  to  be  an  excellent  means  also  of 
encouragfing:  forestry  sentiment.  Enough  groves  of  certain  species 
have  been  established  in  many  sections  of  the  state  to  serve  the 
purpose  for  which  they  were  intended.  Distribution  in  these 
particular  sections  will  cease.  Exceptions  vnll  be  made,  however, 
in  cases  where  trees  are  required  for  the  solution  of  peculiar 
problems. 


Bald  cypress  and  European  ash  in  nursery 

It  is  unfortunate,  in  the  case  of  catalpa,  that  difficulty  has  been 
experienced  in  securing  the  speciosa  true  to  name.  This  feature 
has  led  the  Station  to  continue  the  distribution  of  this  species  to  a 
greater  extent  than  it  otherwise  would  have  been  justified  in  doing. 
Information  in  regard  to  the  real  nature  of  this  tree,  however,  has 
been  so  disseminated  among  commercial  growers,  that  it  is  now 
possible  to  obtain  it  with  considerable  assurance  of  its  purity,  and 
at  reasonable  prices.  It  is  hoped,  therefore,  that  commercial 
nurserymen  may  relieve  the  Station  of  this  feature,  excepting,  as 
before  mentioned,  in  cases  where  experimental  and  demonstration 
operations  of  a  peculiar  nature  are  required. 
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OPPORTUNITIBS  FOR  FOREST  NURSERYMEN 

The  present  agitation  in  favor  of  forestry  and  the  consequent 
demand  for  forest  seedlingfs  has  opened  a  market  of  no  mean 
proportions.  It  is  hoped  that  Ohio  nurserymen  may  devote  area^ 
to  the  grov/ing  of  these  seedling^s  in  connection  with  their  general 
nursery  stock.  This  work  should  be  placed  upon  a  commercial 
basis  in  order  that  the  stock  may  be  disposed  of  at  minimum  prices, 
thereby  offering  inducements  to  land  owners  to  buy.  The  prices  of 
evergreens  suitable  for  forest  planting  are  prohibitive,  due  to  d<^ 
fault  af  the  grower,  but  to  the  fact  that  the  trees  are  grown  ^ 
supply  retailers  who  dispose  of  them  in  limited  quantities  for 
ornamental  and  wind-break  purposes.  These  trees  are  better 
grown  than  are  required  for  forestry  purposes,,  The  Station  wishes 
to  encourage  those  who  are  inclined  to  these  phases  of  commercial 
growing. 

DESTRUCTIVE  AGENCIES 

Forest  Fires.  Fire  annually  burns  over  thousands  of  acres  ofl 
forest  in  different  sections  of  the  state.  The  Ohio  river  counties 
suffer  most  damage  in  this  respect.  The  causes  are  attributed  to 
different  sources.  Railroads  are  responsible  for  the  greater 
number  of  fires.  Where  the  right  of  way  passes  through  or 
adjacent  to  forest  tracts,  the  stubs  of  dead  trees  and  inferior 
coppice  growth  gives  evidence  of  the  damage  done.  Carelessness 
in  burning  brush  and  stubble  land,  and  allowing  fire  to  escape,  has 
been  the  source  of  many  fires.  Campers,  hunters,  and  smokers 
have  also  contributed  to  this  evil. 

Injury  to  woodland  by  fire  does  not  seem  to  be  generally  recog- 
nized nor  fully  appreciated.  Of  the  numerous  ways  in  which  fire 
may  be  injurious,  only  a  few  are  realized.  Damage  to  a  forest  is 
always  apparent  when  the  large  trees  are  killed  outright  or  badlr 
fire  scarred,  but  one  of  the  greatest  evils,  that  of  the  destruction  of 
young  growth,  is  rarely  noted  as  being  of  any  consequence.  The 
same  principles  are  involved  in  this  case  as  in  the  practice  of  grazing 
woodlots,  but  the  injury  by  fire  is  many  times  worse,  and  works 
with  greater  rapidity  and  devastation.  Not  only  are  all  forest 
conditions  destroyed,  but  many  trees  are  killed  outright,  or  die  in  J 
short  time  after  injury.  The  effect  on  trees  is  such  that  they  never 
make  any  quantity  or  good  quality  of  timber.  They  become  weakened 
and  are  subject  to  the  attacks  of  rot  producing  fungi,  whicli 
eventually  complete  the  destruction.  Reproduction  of  weed  species 
and  sprouts  from  the  stumps  and  the  dead  trees  spring  up,  thiK 
rendering  the  area  valueless.  The  evil  effects  are  not  confined  to 
the  forest  alone,  but  the  leaf  litter  and  humus  are  burned  out  of 
the  soil,  rendering  it  sterile  and  subject  to  erosion. 
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One  may  observe  the  destruction  of  forested  areas,  along  any 
>f  the  railroads  passing  through  portions  of  Lawrence,  Scioto, 
Fackson  and  Pike  counties.  These  burned  areas  are  particularly 
observable  along  the  C.  H.  &  D.  R.  R.,  between  Wells  ton  and 
ronton.  The  dreary,  unproductive  slopes  lining  the  small  streams, 
ilong  which  this  road  follows,  should  be  so  manifest  to  the  casual 
observer  that  he  may  well  appreciate  the  injury  to  forests  by  fire. 

Injury  by  Insects.  Insects  are  a  more  or  less  harmful  factor  in 
orestry,  but  aside  from  the  damage  to  black  locust  by  a  borer,  no 
;erious  harm  has  been  noted.  The  locust  borer  may  usually  be 
bund  in  greater  or  less  numbers  wherever  the  black  locust  occurs. 
t  is  more  serious  in  its' ravages  in  some  sections  than  in  others.  Its 
vorkmgs  are  peculiar,  and  not  definitely  understood,  since  it 
nay  actually  operate  in  one  grove  to  the  extent  of  ruina- 
ion,  while  in  others  not  far  removed  its  presence  is  scarcely 
loted.  In  certain  cases  young  groves  are  so  badly  injured  as  to 
•ender  them  valueless,  the  trees  being  so  badly  riddled  that  they 
>real^  oflf.  One  instance  is  on  record,  where  a  ten-acre  grove  con- 
fining trees  four  inches  in  diameter  was  totally  destroyed. 

It  is  apparent,  howefver,  that  injury  is  greater  in  young  trees 
md  that  they  recover  from  the  effects  as  they  grow  older.  The 
ollowing  condensed  statements  on  the  borer  are  the  observations 
)f  competent  investigators: 

'*It  is  more  destructive  in  some  sections  and  localities  than  other."  **It  is 
loticeably  more  destructive  to  some  trees  than  others  in  the  same  grove."  **It 
s  more  destructive  in  artificial  than  in  natural  forests."  **It  is  more  de- 
structive to  young*  saplings  and  to  the  branches  of  medium  sized  trees  than  to 
he  larger  trees."  **Very  large  plantations  are  only  injured  around  the  edges." 
'Since  locust  trees  are  grown  for  posts,  worm  holes  in  the  wood  cannot  be 
»nsidered  as  rendering  them  worthless  for  the  purpose." 

(Quoted  from,  * 'Locust  borers  and  some  results  of  their  work,"  by  Prof. 
Fas.  S.  Hine  in  Ohio  Forester,  July,  1910.) 

It  is  unfortunate  that  no  successful  means  are  at  hand  for 
combating  this  insect  on  account  of  the  important  role  played  by 
:he  locust  in  forestry  operations.  This  handicap,  while  discourag- 
ng,  should  not  by  any  means  be  instrumental  in  prohibiting  the 
growing  of  this  species.  Groves  are  being  successfully  grown 
lotwithstanding  the  presence  of  the  borer.  An  excellent  treatise 
m  this  subject  may  be  found  in  the  number  of  the  Ohio  Forester 
ibove  mentioned. 

Lrc'af  Miner.  The  leaf  miner  is  a  small  insect  which  works 
jpon  the  leaves  of  the  black  locust.  It  eats  away  the  chlorophyll, 
eaving  the  skeleton  of  veins  and  causing  the  leaves  to  turn  brown  in 
ate  summer.     This  insect  is  quite  widely  distributed  over  southern 
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^white  pine  seedlings  are  g^rown,  especially  on  stock  imported  from 
Europe,  where  it  is  so  abundant  in  certain  portions  that  the  culture 
of  white  pine  is  impossible. 

The  pine  blister  rust  is  known  to  be  one  stage  of  the  blister  rust 
of  the  family  ribes,  which  includes  the  currants  and  gooseberries, 
and  in  the  presence  of  the  two  hosts  (white  pine  and  ribes)  it  spreads 
Tvith  considerable  rapidity.  The  disease  attacks  the  bark  of  young 
trees  and  the  young  stems  and  branches  of  older  trees,  and  appears 
in  the  form  of  bright  yellow  blisters.  The  infected  stem  or  branch 
becomes  swollen  and  enlarged.  The  fruiting  bodies  finally  break 
through  the  bark  and  discharge  a  dry  yellow  powder  which  contains 
the  spores.  They  may  be  carried  long  distances  by  wind  and  if 
brought  in  contact  with  currant  or  gooseberry  leaves  are  liable  to 
produce  infection.  It  is  generally  assumed  by  authorities  that  the 
spores  from  the  fruiting  bodies  on  the  pine  cannot  directly  infect 
other  white  pine  trees,  but  require  those  produced  upon  currant  or 
g-oosebcrry  leaves  to  produce  further  infection  in  the  pine. 

Damage.  Severe  damage  results  where  infection  of  white  pine 
occurs.  The  injury  is  more  damaging  to  young  trees  than  to  older 
ones,  and  there  is  greater  resultant  damage  to  nursery  stock.  The 
young  trees  are  liable  to  succumb  outright  and  older  ones  are 
seriously  affected.  In  fact,  its  presence  might  make  the  planting  of 
white    pines  on   a  large  scale  virtually  impracticable. 

Occurrence.  The  presence  of  this  disease  has  not  been 
reported  to  any  extent  in  this  country.  It  has  been  found  occurring 
in  two  Ohio  nurseries  within  the  past  year,  and  in  these  cases  on 
stock  imported  from  Germany.  Search  for  traces  has  been 
instituted  only  during  the  past  year,  and  whether  there  has  been  any 
gfeneral  dissemination  is  not  known. 

Prevention.  Since  there  is  no  cause  to  believe  that  the  disease 
has  been  disseminated  to  any  extent,  it  is  important  that  every 
effort  be  made  to  prevent  its  futher  introduction  into  this  country 
from  Europe.  To  accomplish  this  will  mean  that  the  greatest  care 
must  be  exercised  in  importing  European  stock.  The  seriousness 
of  the  disease  would  justify  making  no  more  foreign  importations, 
owing  to  the  difficulty  in  detecting  its  presence  in  shipments. 

Efforts  are  under  way  in  this* state  to  take  up  the  problem  of 
prevention  and  control,  and  it  is  hoped  that  nurserymen  handling 
white  pine  stock  will  realize  the  danger  confronting  the  culture  of 
this  species,  and  will  give  the  state  authorities  hearty  cooperation  in 
their  efforts  to  prevent  the  spread  of  the  infection. 

Descriptions  may  be  had  of  the  disease  in  Bulletin  No.  2  of  the 
New  York  Experiment  Station,  Circular  No.  38,  Bureau  of  Plant 
Industry,  U.  S.  Department  of  Agriculture,   and  a  Bulletin  of  the 
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New  York  State  Departmeat  of  Agriculture,  which  is  a  translaticm 
of  Circular  No.  S,  of  the  Imperial  Biological  Institute  for  Agri- 
culture and  Forestry,  (Germany)  June,  190S. 

Information  relative  to  the  above  description  of  this  disease  was 
obtained  from  these  sources. 

PRICES  FOR  TIMBER  PRODUCTS 
The  Station  is  constantly  receiving  inquiries  regarding  the  best 
manner  in  which  to  utilize  forest  products  and  the  proper  prices 
attached  thereto.  This  is  a  difficult  question,  and  one  practically 
impossible  to  answer  satisfactorily.  There  are  many  factors  in- 
fluencing the  prices  of  timber  and  the  products  into  which  it  should 
be  worked.  The  former  will  be  contingent  upon:  1st.  Quantity 
and  quality.  2nd.  Proximity  to  market;  the  manufacturer  can 
afford  to  pay  higher  prices  when  the  timber  is  near  his  factory. 
3rd.  Accessibility;  if  the  timber  buyer  logs  the  tract,  ease  with 
which  he  can  remove  the  logs  from  the  woods,  the  distance  to  the 
nearest  transportation  points,  topography,  etc.,  are  all  to  be 
considered. . 


Ornamentals  in  nursery 

Timber  is  frequently  disposed  of  in  a  manner  which  i-s  com- 
monly termed  ''lumping  off,"  i.  e.,  the  entire  tract  is  sold  in  a  body. 
To  say  the  least,  this  is  not  advisable,  nor  fair  to  either  party, 
especially  to  the  one  whose  ability  is  limited  in  judging  the  amount 
of  standing  timber.  Business-like  methods  would  entail  the  disposal 
of  the  timber  by  applying  a  standard  rule  to  each  log,  at  a  specified 
price.  There  should  be  no  objection  to  this  method  of  sale,  as 
neither  party  will  suffer  injustice. 

Digitized  by  VjOOQ IC 


FOREST  CONDITIONS  IN  OHIO  105 

The  Station  has  attempted  to  obtain  prices  on  timber,  but 
there  appeared  to  be  such  great  variation  in  different  localities  and 
in  the  same  species  for  different  products,  that  its  efforts,  so  far  as 
fixing  arbitrary  values  are  concerned,  have  resulted  in  little  good  to 
woodlot  owners.  Furthermore,  values  obtained  for  timber  in  a 
certain  locality  have  no  fixed  standard,  because  of  a  fluctuating 
demand;  i.  e,  wood  using  industries  may  move  from  one  locality  to 
another  so  as  to  be  nearer  a  more  available  supply  of  timber,  or  they 
may  close  down  for  want  of  raw  material. 

BDUCATION  IN  PORS8TRY 

Education  must  necessarily  be  an  important  feature  in  pro- 
gressive forestry.  The  instructions  of  the  people  has  been  carried 
on  as  far  as  opportunities  permitted.  Instruction  along  different 
lines  of  work  has  been  given  at  farmers  institutes,  granges,  picnics 
and  on  agricultural  trains.  A  course  of  lectures  was  delivered 
before  the  "Short  Course"  students  of  the  College  of  Agriculture  of 
the  Ohio  State  University.  The  work  has  also  included  lectures  at 
high  schools  and  before  various  civic  and  improvement  clubs. 
"Womens'  clubs  have  been  active  in  arousing  interest  and  enthusiasm 
in  the  care  of  trees.  The  Ohio  Federation  of  Womens'  Clubs  has 
been  an  important  factor  in  awakening  interest  in  problems  that  are 
especially  helpful.  During  the  year  76  addresses  were  delivered  to 
Ohio  audiences  of  varying  number.  Much  helpful  knowledge  is  also 
disseminated  through  the  Forest  Survey  and  by  the  cooperative 
plan. 

RBCOMMBNDATIONS 

To  meet  the  needs  of  progressive  forestry  certain  changes 
and  additions  must  be  made. 

The  Station  is  urgently  in  need  of  trained  men.  The  funds 
available  and  the  salaries  paid  are  not  adequate  to  meet  the 
competition  of  other  institutions,  and  in  consequence  it  has  been 
impossible  to  push  certain  lines  of  work,  because  of  the  lack  of 
assistance.  It  is  matter  of  no  economy  to  the  state  to  withhold  a 
mere  pittance  and  lose  in  return  opportunities  for  the  developement 
of  one  of  the  State's  greatest  resources. 

Institutional  Work.  The  work  at  the  various  institutions  has 
developed  to  such  proportions  that  a  trained  assistant  is  greatly 
needed  to  assume  charge  of  this  phase.  In  some  cases  foremen  are 
required  to  exercise  field  supervision  and  perform  the  manual  labor. 
Opportunities  for  experimentation  are  marked,  and  such  perma- 
nence is  assured  to  such  work  that  it  hoped  the  necessary  means 
may  be  provided  to  extend  this  work,  and  take  full  advantage  of  the 
opportunities  offered. 
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Better  Nursery  Facilities  Required.  Better  facilities  for  pro- 
pag^ating:  trees  to  supply  the  demand  for  forest  planting:  at  larg^e, 
and  the  operations  at  institutions,  are  required.  The  present  means 
are  insufficient  to  properly  undertake  nursery  experiments.  A 
system  of  furnishing  water  supply  is  badly  needed,  and  could  be 
established  at  very  moderate  cost. 

Shade  Tree  Investigations.  The  Station  is  constantly  in  receipt 
of  requests  for  information  regfarding  the  planting,  care  and  pre- 
servation of  shade  trees.  The  greater  number  of  these  requests 
come  from  cities.  A  thorough  study  of  conditions  inimical  to  shade 
and  ornamental  trees  needs  to  be  made.  One  of  the  requirements 
is  a  relative  scale  of  tolerance  to  smoke  and  gases  for  the  various 
trees  used  in  city  planting. 

Rate  of  Growth  Studies.  This  work  has  been  started  on  a 
number  of  species  of  trees  but  not  completed  on  any  one  species. 
These  studies  include  the  examination  of  many  trees  of  each  species. 
It  is  a  tedious  operation  and  requires  considerable  time  for  com- 
pletion. Such  study  is  near  completion  for  the  chestnut,  and  other 
commercial  species  should  be  taken  up  in  like  manner. 

A  Better  System  of  Cooperation  Needed.  The  work  of  tree 
distribution  and  cooperation  with  private  owners  has  extended  to 
nearly  all  parts  of  the  state.  The  system  has  operated  to  good 
advantage,  but  the  time  is  ripe  for  limiting  cooperation  to  those 
parties  who  can  offer  the  Station  greater  advantages.  It  is  desir- 
able to  enter  into  closer  contact  for  the  performance  of  work  as 
planned  by  the  Station.  The  present  system  in  operation  is  not 
entirely  satisfactory  because  it  does  not  compel  strict  adherence  to 
the  directions  of  the  Station. 

Demonstration.  It  is  important  that  the  people  have  more 
comprehensive  and  general  understanding  of  the  profits  that  may 
be  derived  from  forestry,  and  of  means  by  which  land  owners  may 
derive  a  revenue  from  unproductive  areas.  Practical  demonstration 
on  the  ground  is  required  and  more  men  are  needed  for  its 
accomplishment. 

NBBDBD  LBGISLATION 

Ohio  is  manifestly  behind  other  states  in  the  enactment  of 
forest  legislation.  While  her  problems  to  a  certain  extent  are  unique 
and  unlike  those  of  other  states,  there  are  certain  fundamental 
principles  which  apply  elsewhere.  Aside  from  this,  the  enactment 
of  laws  peculiar  to  our  conditions  is  needed. 

Better  Fire  Protection.  While  Ohio  is  primarily  a  state  of 
small  farms  and  woodlands,  there  are  ^within  her  borders  certain 
areas  preeminently  adapted  to   forestry.    These  areas  lie  more  or 
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less  within  one  zone,  and  on  account  of  their  topography  and  con- 
dition of  soil  are  largely  unfitted  for  agricultural  pursuits.  It  would 
be  a  £:ood  investment  for  the  state  to  have  these  areas  brougfht  into 
their  gfreatest  possible  usefulness.  The  numerous  fires,  which 
constantly  menace  these  areas,  are  the  most  discouraging:  feature  in 
attempting  forestry  operations.  An  efficient  system  of  protection 
is  the  first  requirement.  The  business  of  forestry  represents  an 
outlay  of  money  which  no  land  owner  is  willing  to  make  when  he  feels 
that  there  is  a  big  risk  attendant  thereto.  Forestry  operations  are 
especially  worthy  of  support,  because  they  entail  along-time  invest- 
ment, and  the  entering  of  afield  unknown  in  all  its  details.  The 
present  laws  relative  to  fire  protection,  while  a  beginning,  are  not 
adequate  or  sufficient  to  meet  the  needs. 

"Warden  Service  Necessary.  Laws  need  to  be  enacted  pro- 
viding for  the  appointment  of  fire  wardens,  whose  duties  it  would  be 
to  attend  to  the  prevention  and  extinguishing  of  fires  in  those  sections 
where  such  service  is  required.  In  such  regions  each  township  should 
be  permitted  to  maintain  a  warden  and  as  many  deputies  as  might 
be  needed..  These  wardens  may  be  compensated  for  the  actual  time 
employed  in  combating  and  extinguishing  fires.  Funds  required 
for  such  work  may  be  appropriated  out  of  the  state  treasury,  or  as 
otherwise  provided  for. 

This  system  is  in  successful  operation  in  eighteen  states  of  the 
Union,  and  the  expense  attendant  is  nominal,  since  the  season  in 
which  fires  occur  is  short.  It  will  be  necessary  that  the  control  of 
such  a  system  be  vested  in  a  chief  fire  warden,  which  would  logically 
fall  to  the  office  of  the  State  Fire  Marshal. 

PORBST  RSSBRVES 

All  forestry  operations  have  thus  far  been  confined  to  the  work 
carried  on  with  private  owners,  and  the  various  state  or  public 
institutions.  While  considerable  has  been  accomplished  through 
these  sources,  they  are  not  sufficient  to  meet  all  requirements. 

State  Forest  Reserves.  Reserves  made  in  sections  of  Ohio 
where  the  practice  of  forestry  is  most  desirable,  would  not  only 
serve  as  examples  to  those  who  desire  to  manage  their  tracts  in 
accordance  with  the  principles  of  forestry,  but  would  induce  part- 
ies to  purchase  non-productive  areas  with  this  purpose  in  view.  A 
system  of  fire  protection  necessary  for  state  reserves  could  be 
extended  to  the  aid  of  private  owners  whose  land  might  be  adjacent 
or  in  close  proximity.  Thus  many  thousands  of  acres  of  privately 
owned  lands  might  be  made  virtual  reserves.  This  method  is  the 
most  economical  measure  by  which  the  state  could  encourage 
forestry,  and  such  a  measure  would  add   greatly  to  the  wealth  of 
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southeastern  Ohio.  Permanent  examples  are  necessary,  and  the 
state  must  take  the  initiative.  Individuals  will  not,  under  existing: 
fire  risks. 

Large  areas  are  not  required  nor  are  they  desirable.  They 
should,  however,  be  large  enough  to  permit  operations  on  a  basis 
sufficient  to  furnish  constant  employment  for  the  necessary   labor. 

The  Regulation  of  Stream  Flow.  The  reservation  of  certain 
steep  slopes  adjacent  to  some  of  our  streams  is  a  matter  worthy  of 
consideration,  since  the  question  of  the  regulation  of  stream  flow 
increases  the  possibilities  of  the  utilization  of  wrater  powers— a 
matter  so  generally  before  the  public  at  the  present  day.  The  writer 
is  of  the  opinion  that  Ohio  has  possibilities  in  some  of  her  streams, 
in  this  respect,  that  few  realize.  Reference  may  be  made  to  the 
Walhonding  River  and  some  of  its  immediate  tributaries,  which  have 
a  fall  of  considerable  degree. 

With  a  change  in  economic  conditions  brought  about  by  the 
decreasing  supply  of  our  natural  fuel  resources,  more  and  more  will 
the  asset  of  our  water  powers  be  appreciated  and  utilized.  Our 
rivers  will  be  harnessed  to  drive  the  wheels  of  industry.  Tumble 
down,  inefficient  mills  and  dams  will  be  reconstructed  on  modern 
principles,  replaced  with  modern  equipment,  and  the  power  will  be 
multiplied  many  times. 

The  reservation  of  forest  areas  does  not  only  conserve  for 
practical  utility,  but  also  for  beauty.  Ohio  does  not  possess  the 
great  natural  resources  of  our  western  states  in  this  respect,  but 
there  are  beauty  spots  well  worth  preserving.  They  may  afford 
advantages  to  thousands  for  summer  outing  as  well  as  a  means  of 
protection  to  wild  game. 

THB  PROTECTION  AND  JURISDICTION  OP  SHADE  TRESS 

The  desultory  planting  and  care  of  shade  trees,  along  city  streets 
and  on  public  highways,  is  everywhere  evident,  and  calls  for  an 
efficient  system  of  management.  It  may  seem  to  many  an  encroach- 
ment on  the  rights  of  individuals  to  take  the  matter  out  of  the  hands 
of  property  owners  and  place  it  under  the  supervision  of  competent 
authorities,  but  such  action  nevertheless  would  result  in  the  better- 
ment of  conditions,  by  the  establishment  of  trees  of  suitable  species, 
and  giving  them  the  proper  care  and  attention.  Would  proper 
supervision  of  this  feature  of  landscape  adornment,  bringing  into  play 
the  best  of  trees  and  good  management,  decrease  the  value  of  pro- 
perty? Would  it  not  be  the  reverse?  Any  city  will  bear  evidence 
of  a  conglomeration  of  street  trees  of  miscellaneous  kinds,  planted 
without  regard  to  adaptability,  and  so  close  together  that  they  become 
distorted  and  unsightly.    To  add  to  this  the  lack  of  system  and 
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A  2S-year  old  black  locust  planted  in  the  woods.    The  trunk 
is  free  from  borer  wounds 
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intelligence  in  pruning:  makes  the  adjacent  tel phone  pole  pleasing:  in 
comparison.  The  planting: of  certain  species  of  rapid  g^rowing:  trees 
without  reg:ard  to  other  assets  has  often  led  to  lack  of  results.  The 
right  growing  of  trees  requires  knowledge  and  professiona 
manipulation. 

PORBST   PARKS 

European  countries  possess  forests  which  are  utilized  both  for 
public  parks  and  the  production  of  timber,  obtaining  in  this  respect 
the  advantages  of  the  natural  forest,  which  is  the  most  satisfying 
and  pleasing  of  all,  and  at  a  cost  far  below  that  of  the  artificial,  costly 
city  parks.  Under  European  system,  cities  and  towns  are  permitted 
to  acquire  lands  for  park  and  forest  purposes,  under  supervision  of 
the  goverment  forestry  authorities. 

Our  present  laws  permit  cities  to  purchase  land  for  parks,  bat 
provide  that  such  areas  must  be  contiguous  to  corporation  limits. 
This  may  not  only  prevent  the  securing  of  suitable  lands,  but  may 
involve  a  greater  expenditure  than  would  be  required  for  areas 
farther  removed,  but  which  might  be  better  adapted  to  the  purpose. 
Such  parks  would  not  only  oflFer  advantages  to  thousands  of  city 
people  for  outing,  instilling  in  them  a  love  for  trees  and  nature,  but 
in  time  would  prove  excellent  revenue  producers.  There  could  be 
no  better  means  of  alloting  to  those  who  dwell  in  cities  their  share 
of  the  advantages  offered  by  forestry,  and  thereby  inducing:  a 
higher  moral  tone,  and  offering  an  opportunity  to  discover  the 
secrets  of  the  woods.  To  the  rising  generation  it  would  be  a  source 
of  education  not  contained  in  books  nor  lectures,  an  inspiration  to 
nobler  and  higher  manhood  and  womanhood.  It  would  incite  a 
higher  regard  for  the  forest,  flowers,  birds  and  all  creatures  <rf 
nature,  so  that  at  length  their  preservation  and  right  use  might  bar 
made  sure.  Their  soothing  influence  may  extend  to  thousands  of 
tired  and  nerve-shaken,  people. 

"Real  conservation  involves  wise,  non-wasteful  use  in  the  present 
generation,  with  every  possible  means  of  preservation  for  succeeding* 
generations;  and  though  the  problem  to  secure  this  end  may  be 
difficult,  the  burden  is  on  the  present  generation  promptly  to  solve 
it,  and  not  to  run  away  from  it  as  cowards,  lest  in  the  attempt  to 
meet  it  we  may  make  some  mistake.  The  problem  is  how  to  save 
and  how  to  utilize,  how  to  conserve  and  still  develop,  for  no  sane 
person  can  contend  that  it  is  for  the  common  good  that  Nature's 
blessings  should  be  stored  only  for  unborn  generations." — President 
Taft,  in  address  before  the  Second  Conservation  Congress. 
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Red  oak  transplants 


White  ash  transplants 
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SUMMARY  OP  RECOMMENDATIONS. 

1.  More  men  of  technical  training:  are  needed. 

2.  The  work  at  the  institutions  should  be  extended. 

3.  The  forest  nurseries  should  be  increased  to  greater  capacity 
on  account  of  the  demand  for  forest  seedlings. 

4.  The  relative  tolerance  of  smoke  and  gases  for  trees  used  in 
city  planting  should  be  determined. 

5.  Studies  of  the  rate  of  growth  of  various  commercial  trees 
are  necessary  for  the  development  of  a  sound  policy  of  woodlot 
management. 

6.  Cooperation  with  private  owners,  in  the  matter  of  furnishing 
trees  and  conducting  experimental  work,  should  be  confined  to  those 
parties  who  can  offer  the  Station  the  greatest  facilities. 

7.  An  educational  campaign  is  needed  to  disseminate  forestry 
information  and  to  conduct  field  demonstrations. 

8.  A  better  system  for  fire  protection  should  be  established  in 
certain  sections.  To  accomplish  this  will  necessitate  a  warden 
service. 

9.  Forestry  reserves  are  necessary  for  experimental  and 
demonstrational  forestry,  and  should  be  established  in  certain  parts 
of  Ohio.  They  would  serve  to  put  thousands  of  acres  of  privately 
owned  land  under  conservative  management,  and  would  in  time 
prove  excellent  investments  for  the  state. 

10.  The  regulation  of  stream  flow  is  a  matter  worthy  of 
consideration,  since  it  will  influence  the  efficiency  of  water  power. 
In  some  cases  the  slopes  bordering  streams,  should  be  reforested 
and  held  in  reservation. 

11.  A  better  system  of  caring  for  city  and  public  highway 
shade  trees  is  required.  This  matter  should  be  taken  out  of  the 
hands  of  private  owners,  and  given  to  either  state  or  municipal 
authorities. 

12.  Cities  and  towns  should  be  allowed  to  assist  in  the  cause  of 
forestry  by  the  establishment  of  forest  parks  to  be  useful  both  as 
examples  of  forestry  practices,  and  as  parks  and  playgrounds. 
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APPENDIX 

LAWS  OF  OHIO  RELATING  TO  FORESTRY 
DBPARTiCBNT  OP  FORSSTRY  AT  THB  BXPBRIMBNT  STATION 

Section  1166.    There  shall  be  a  department  of  forestry   at  the  state   Depwt- 

a^icultural    experiment   station  under  the   supervision   and   manage-  forestry 

ment  of  the  board  of  control. 

Section  1167.     The  board    of  control  shall  carefully  inquire  into  the   Dutyof 

character  and  extent  of  the  forests  of  the  state,    the  causes   of  their  control 

wa£te  and  decay,  and  methods  for  their  preservation  and  development. 

It  shall  conduct   investigations   in  the   several   sections   of  the   state, 

determine  the  species  of   valuable  trees   best   suited   to  grow   on   the 

various  kinds  of  soil,  and  ascertain  the  best  methods   and   cost  of  the 

propagation,  planting  and  cultivation  of  woodlots  and  plantations.      It 

shall  determine  the  average  rate  of  growth  of  the   various   species   of 

trees  and  the  relative  values  of  different  kinds  of  timber   for   domestic 

and  commercial  purposes,  and  conduct  experiments  for  the  purpose  of 

increasing  durability  of  the  various  kinds  of  wood;  determine  the  kind 

of  trees  and  shrubs  best  suited  to  different   localities  for    wind-breaks 

and   shelter,    and  for   beautifying  grounds,    and   ascertain   the   best 

methods  of  planting  and  managing  them. 

Section    1168.      The    board    of    control    may    cooperate    with    the   Coopera- 

department  of  agriculture  of  the  United    States   in   conducting   such   united 

portion  of  the  work   mentioned   in   the  preceding  section   as   may   be  J^^^ 

agreed     upon    by    the    board    of    control    and    such     department    of  ofarri- 
.      ,^  culture 

agriculture. 

Section  1169.     The  members   of  the   board  of  control   shall   perform   Expendi- 

the  duties    required  of  them   in   the   department   of  forestry    without 

compensation.     The  expenditures  by  the  state  for  cooperative   work   of 

such     department    shall    not    exceed    the    amount    expended    by    the 

department  of  agriculture  of  the  United  States  for  such  purpose. 

Section  1170.    From  time  to  time  the  board   of  control   shall   issue  BuUetint 

bulletins  and  publications  containing  information  and  recommendations   aanuai 

upon  subjects  mentioned  in  the  preceding  sections  relating  to   forestry.    '•J**"^ 

It  shall  make  an  annual  report  to  the  governor  of  the   work   performed 

under  such  sections.     It  shall  embody  in  the  report  any  recommendations 

and    suggestions    it    deems    proper    relating    to    legislation    for    the 

development  of  a  system  of  forestry. 

PORBST  PIRBS 

Section  7496.     If  the  woods  or  prairies  in  a  township  are   on   fire   so   Howfiiee 

as  seriously  to  endanger  property,  the  trustees  of  such  township  may   w^rlM 

order  as  many  of  the  inhabitants  of  the  township,    liable  to   work  on   5J^J^ 

the  highways,  and  residents  in  the  vicinity   of   the   fire,    as   they   may 

deem  necessary,  to  repair  to  such  place  and  assist  in  extinguishing  it, 

or  stopping  its  progress. 

Section  7497.    A  person  so  ordered  shall  be   allowed,   by   the   super-   Aiiow- 

intendent  of  his  road  district,  to  be  applied  on  his  toll  or   road   tax,    a  same 

like  amount  per  day  as  he  is  allowed  for  work  on  public  highways. 

Section  7498.     If  a  person  refuses  or  willully  neglects  to  comply  with   Peneltiee 

such  order,  he  shall  forfeit  a  sum  not  less  than   five  dollars  nor   more  aitoaaaii^ 

than  fifty  dollars,  to  he  collected  before    any   justice  of  the   peace  of 

the  township. 

.      (113) 
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PORB8T  PIRBS  CAUSED  BY  RAILWAY  LOCOMOTIVES. 

Section  8966.  Except  in  the  months  of  December,  January  and 
February,  any  company  or  person  operating  a  railroad  or  a  part  of 
one,  shall  place  on  every  locomotive  engine  used  therefor,  or  b 
construction  or  repairing  the  road,  such  device  or  contrivance  as  nxst 
effectually  will  guard  aguinst  the  escape  of  fire  or  sparks  that  otber- 
wise  would  be  thrown  out  by  such  eng'ines,  and  keep  the  device  in 
good  repair. 

Section  8967.  A  railroad  company,  corporation  or  person  violadng 
the  provisions  of  the  next  preceding  section,  upon  conviction  thereof  in 
a  court  of  competent  jurisdiction,  shall  forfeit  and  pay  for  each 
violation  any  sum  not  exceeding  one  hundred  dollars.  In  additkn 
thereto  the  court  of  common  pleas  in  a  county  through  which  siKib 
railroads  are  constructed  and  operated,  may  enjoin  such  compani^, 
corporations  or  persons  from  using  on  such  railroads,  a  locomotife 
not  provided  with  the  device  hereinbefore  required. 
Section  8968.  Every  company,  or  person  in  charge  of  a  railroad  as 
manager  or  receiver,  shall  keep  the  right  of  way  clear  from  weeds, 
high  grass,  and  decayed  timber,  which  from  nature  or  condition  are 
combustible,  and  liable  to  take  or  communicate  fire  from  passing 
locomotives  to  abutting  or  adjacent  property.  Such  company  shall  be 
liable  for  all  damages  sustained  by  the  owner  or  occupant  of  such 
property  from  carelessness  or  neglect  to  -ceep  its  right  of  way  clear  d 
such  combustible  material. 

Section  8969,  In  case  of  failure  to  comply  with  the  above  require- 
ments, a  person  owning  or  controlling  property  abutting  on  or  adjacent 
to  a  railroad  right  of  way,  after  twenty  days'  notice  in  writing,  tbc 
default  still  continuing*,  may  cause  all  combustible  material  to  be 
removed  from  the  right  of  way  along  or  by  such  property.  Upon 
presentation  of  a  reasonable  account  therefore  to  the  agent  at  tbc 
nearest  station  of  such  company  or  receiver,  if  it  or  he  refuses  to  pay 
the  amount  asked,  within  thirty  days,  it  may  be  recovered  before  any 
court  having  jurisdiction  thereof. 

Section  8970.  Every  company  operating  a  railroad  or  a  part  of  o« 
shall  be  liable  for  all  loss  or  damage  by  fires  originating  upon  the  land 
belonging  to  it  caused  by  operating  such  road.  Such  company  furthff 
shall  be  liable  for  all  loss,  or  damage  by  fires  originating  on  lands 
adjacent  to  its  land,  caused  in  whole  or  part  by  sparks  from  a^ 
eng'ine  passing  over  such  railroad,  which  may  be  recovered  before  any 
court  of  competent  jurisdiction  within  the  county  in  which  the  lands  on 
which  such  loss  or  damage  occurs  are  situated.  The  existence  of  fif«* 
upon  the  railroad  company's  lands  is  prima  facie  evidence  that  they 
are  caused  by  operating  such  railroad. 

Section  8971.  In  actions  against  a  person  or  incorporated  company' 
to  recover  damages  to  property,  real  or  personal,  from  fire  comnntf"' 
cated  by  a  locomotive  engine  on  or  passing  along  a  railroad,  the  ii^ 
that  such  fire  was  so  communicated,  is  prima  facie  evidence  to  charge 
the  corporation  or  persons  then  occupying  and  using  such  road,  as 
owners,  lessees  or  mortgagees,  and  also  those  who  had  the  care  «m 
management  of  such  engine,  with  negligence.' 
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BCALICIOUS  OR  NBQLIQBNT  STARTING  OP  PORBST  FIRBS. 

Section  12436.     Whoever  maliciously  or  neg-ligently  sets  fire  to  woods,  Mali- 
prairies,  or  grounds,  not  his  property,  or  maliciously   permits   fire  to  Mttinlr 
pass  from  his  prairies  or  grounds  to  the  injury  or    destruction    of  the  JjJJJ. 
property  of  any  other  person,  shall  he  fined  not  more  than  one  hundred  prairies, 
dollars,  or  imprisoned  not  more  than  twenty  days,  or  hoth. 

THBPT  OP  TIMBBR. 

Section  12455.     Whoever  saws,  bores  or  cuts  down  timber,   trees   or   Cutting 
hoop-poles,  standing  or  growing  upon  the  lands  of  another  or  lands   of   stealing 
the  state,  or  unlawfully  takes,  carries  or  hauls   away   from   the   lands  ^°^^^ 
of  another  or  lands  of    the    state,    timber,    saw-logs,    rails,    rail-cuts, 
tan-bark,  hoop-poles,  railroad  ties,  hoops,  staves,  stave-t>olts,  blocks  or 
butts  or  timl)er  of  any  value,  or  unlawfully  digs  up,  plucks   or   carries 
away  from  the  lands  of  another,  a  cultivated  root,  plant,  fruit  or  other 
vegetable  production,  with  intent  to  injure  the  owner  of   said   lands   in 
his  property  or  to  defraud  him,  if  the  value  of  the  property   so   severed 
or  taken  is  thirty-five  dollars  or    more,    shall    be    imprisoned    in    the 
penitentiary  not  less  than  one  year  nor  more  than  three  years,    and   if 
the  value  of  the   property  so  severed  or  taken  from    the    lands    is    less 
than  thirty-five  dollars,  shall  be  fined  not  less  than  twice  the   value  of 
the  property  so  severed  or  carried  away  or  imprisoned  in  the  jail  of  the 
county  not  more  than  thirty  days,  or  both. 

Section  12456.     Whoever  buys  any  of  the  property    mentioned    in    the   Buyinir 
neit  preceding  section,  knowing  that  it  had  been  unlawfully  severed  or   uniaw- 
taken  from  the  lands  of  another  or  from  the    lands    of    the    state    with  ^"*^*^  *^"* 
intent  to  defraud  the  owner  thereof,  shall  be  fined  not  less   than   twice 
the  value  of  the  property  so  bought  or  received,  or    imprisoned    in    the 
jail  of  the  county  not  more  than  thirty  days,  or  both. 

Section  12457.    Whoever,  owning  a  saw-mill,    stave,    spoke   or   other   Using 
manufactory  of  wooden  articles,  or  having  charge   or   control   thereof,    uniaw- 
j  or  working  in  or   running  a   saw-mill,    stave,    spoke   or  other  manu-   '""*^  *^"* 
factory  of  wooden  articles,  saws  or  knowingly  permits   to  be  sawed  or 
used  in  such  mills  or  manufactories,  timber,  log3  or  other  lumber  with 
intent  thereby  to  injure  or  defraud   the  owner   of  su6h   property,   and 
knowing  that  such  timl)er,  logs  or  other  luml)er  had  been    severed  er 
taken  from  the  lands  of  another   or   from    the   lands  of    the    state    in 
violation  of  the  provisions  of  section  twelve  thousand  four  hundred  and 
fifty-five,  shall  be  fined  not  less  than  twice  the   value  of  the   lumber, 
log^  or  timber  so  sawed,  or  imprisoned  in  the  jail    of   the    county    not 
more  than  thirty  days,  or  both. 

Section  12458.     The  court  trying  a  cause  arising  under  the  next  three   Judg- 
preceding  sections,  shall  instruct  the  jury    to   find    the    value    of    the    such 
property  severed  or  taken  from  the   land,   bought,    received,    sawed  or   *^*"® 
manufactured  in  violation  of  any  provision  of  said  sections,    and   shall 
render  judgment  against  the  person  convicted  for  the   amount    of   fine 
assessed  and  cost  of  prosecution. 

Section  12459.     The  sheriff  or  other  oflRcer  collecting  said   judgement   ^"*y 
after  paying  all  costs  of  prosecution,  shall  pay  over  to  the  owner  of  the   sheriff 
property  so  severed  or  taken,  twice  the  value   thereof    as    returned  by 
the  jury. 
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VIOLATION  OP  TRADB.MARK 
Carrying    SECTION  12060.     Whoever    knowingly     and     unlawfully     takes     and 
timber       carries  away,  secretes,  destroys  or  converts  to  his  own  use  timber  upon 
havmff  a    which  is  stamped,  branded  or  impressed  a  trade-mark,    the  owners  of 
mark         which  have  complied  with  the  laws  of  this  state  in   relation   to  trade- 
marks, if  the  value  of  the  timber  is  thirty-five  dollars  or  more,  shall  be 
imprisoned  in  the  penitentiary  not-  less  than  one  year  nor  more  than 
seven  years,  or,  if  the  value  thereof  is   less  than  that   sum,    shall    be 
fined  not  more  than  two  hundred  dollars  or  imprisoned  not  more  than 
thirty  days,  or  both. 

CUTTING  TIMBBR  BBLONQINQ  TO  STATB 

Trespas.     SECTION  12498.     Whoever,    without   authority,    enters   upon   land   be- 

ttate  longing  to  or  held  in  trust   by  this   state,    and    cuts    down    standing 

**^*         timber  or  removes  therefrom  stone  or  timl)er,  the  property   of  the  state, 

shall  be  fined  not  more  than  fifty  dollars   and   imprisoned  in  jail   not 

more  than  ten  days.     Such  prosecution  shall  be  by   indictment   in  the 

court  of  common  pleas. 
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BULLETIN 

OP  THE 

Ohio  Agricultural  Experiment  Station 

Number  224  Dec$:mber,  1910. 

THE  REJUVENATION  OF  ORCHARDS 

REPORT  OF  SPRAYING  EXPERIMENTS 
IN  SOUTH-EASTERN  OHIO— 1910. 

Bsr  P.  H.  BALrLOU 

Explanatory:  The  work  of  the  Horticultural  Department  of 
the  Ohio  Experiment  Station,  reported  in  the  pages  which  follow, 
was  conducted,  during  the  season  of  1910,  under  conditions  existing 
in  south-eastern  Ohio — an  area  of  which  Washington  county  may  be 
said  to  be  the  center  and  characteristically  representative. 

While  the  weather  conditions  of  the  spring  of  1910  were  very  try- 
ing in  this  particular  part  of  Ohio,  the  cold  was  still  more  severe  far- 
ther north  and  west,  practically  cutting  oflf  the  apple  crop  in  the  north- 
central,  western  and  south-western  counties.  The  cold  was  some- 
what less  severe  in  the  more  southern  counties  of  the  state  where, 
with  a  few  exceptions,  a  record-breaking  crop  of  apples  of  fine 
quality  was  harvested. 

It  may  be  well,  in  addition,  to  explain  that  the  first  work  done 
by  the  Experiment  Station  in  south-eastern  Ohio  was  during  the 
season  of  1909,  when  three  small  experiments  in  spraying  were 
conducted  at  Belpre,  Little  Hocking  and  Armenia  (see  Bulletin 
No.  217),  At  that  time  there  had  been  no  thorough,  scientific 
spraying  done  by  individual  orchard  owners  in  this  once  famous 
apple-growing  section.  Destructive  insects  and  fungous  diseases 
bad,  for  ten  years  or  more,  destroyed  the  crops  annually. 

The  Station's  initial  work  in  1909  brought  marvelous  results 
in  sound,  beautiful  fruit  and  an  abundance  of  it,  while  the  unsprayed 
orchards,  as  before,  bore  but  very  light  crops  of  worthless,  scabby 
culls. 

In  1910  many  orchard  owners,  determined  to  benefit  by  the 
object  lessons  which  they  closely  observed  in  the  Station's  work  of 
1909,  purchased  spray  outfits  and  did  valiant  battle  against  their 
now    recognized   enemies,   codling  worms,  apple  scab  and    sooty 
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TIMOTHY 

Timothy  {Pkleum  praiense)  is  a  native  of  Europe  having:  been 
broui^ht  to  this  country  by  the  early  colonists.  It  takes  its  name 
from  one  Timothy  Hanson  who  introduced  it  from  Engfland  in  1720. 
Its  success  under  cultivation  in  various  parts  of  the  new  country  led 
to  its  being:  carried  back  to  England  some  thirty  or  forty  years 
later,  the  new  name  g:oing:  with  it.  The  old  name  for  this  grass  was 
Meadow  catstail.  It  is  doubtful  whether  it  had  been  cultivated  in 
England  previous  to  this  importation  from  the  colonies. 

Timothy  is  also  known  as  Herd's  grass  in  New  England  from 
the  fact  of  its  having  been  introduced  in  New  Hampshire  at  an  early 
day  by  John  Herd. 

It  is  a  hardy  perennial,  having  erect  stems,  with  a  bulbous 
enlargement  at  the  base  of  the  stem.  It  is  inclined  to  form  tufts  or 
stools,  new  stalks  starting  from  the  base  of  the  original  plant.  In 
plant  breeding  work  especially  desirable  plants  are  frequently 
multiplied  by  detaching  and  transplanting  these  bhlbs. 

Timothy  is  more  generally  cultivated  in  Ohio,  and  in  the  United 
States  as  a  whole,  than  any  other  grass.  Indeed,  in  so  far  as  Ohio 
is  concerned,  probably  more  than  all  other  grasses  combined.  It  is 
adapted  to  a  great  variety  of  soils,  though  it  does  best  upon  rich, 
moist  loams  and  clays.  Upon  light,  sandy  soils  it  is  not  as 
successful. 

Timothy  is  distinctly  a  grass  for  hay  rather  than  pasture.  It 
may  be  used  in  pasture  mixtures  for  early  or  temporary  pasturage, 
but  it  will  soon  give  place  to  the  better  sod-forming  grasses,  as  it 
does  not  take  kindly  to  close  grazing  and  tramping.  As  a  meadow 
grass,  however,  it  stands  at  the  head. 

Rotation:  Timothy  is  grown  by  many  farmers  in  a  four  or  five 
year  rotation,  being  seeded  with  clover  in  wheat  or  oats.  The  first 
year  of  meadow,clover  is  the  principal  crop;  the  second  year,timothy 
predominates.  Near  good  city  markets  it  is  often  grown  year  after 
year  without  reference  to  rotation,  good  yields  being  maintained  by 
annual  dressings  of  manure  or  other  fertilizers.  Timothy,  like 
other  sods,  is  valuable  in  maintaining  the  humus  supply  of  the  soiL 
Such  sods  are  usually  plowed  for  corn.  Old  sods  are  likely  to  be 
infested  with  insect  pests  and  should  be  plowed  if  possible  during 
freezing  weather. 

Seeding::  Timothy  is  commonly  seeded  with  wheat  in  the  fall, 
clover  being  added  in  the  spring.  Under  these  conditions  the 
timothy  is  likely  to  crowd  the  wheat  if  for  any  reason  the  latter  does 
poorly.     It  does  not  give  the  clover  as  good  a  chance  as  when  both 
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are  seeded  together  in  the  spring:.  Regardless  of  the  other  crops, 
however,  fall  seeding  gives  results  more  favorable  to  timothy  than 
spring  seeding.     It  is  frequently  seeded  with  oats  or  barley. 

There  is  no  more  favorable  time  to  seed  timothy  or  other 
grasses  than  in  July,  August  or  early  September.  To  be  successful, 
clean,  well  compacted  and  moist  seedbeds  are  essential.  Under 
such  conditions  no  nurse  crop  is  needed.  A  full  crop  of  hay  may  be 
expected  the  following  season.  Fifteen  pounds  of  timothy  may  be 
counted  a  full  seeding  when  used  alone.  When  clover  is  used  with 
the  timothy,  six  to  eight  pounds  of  the  latter,  seven  pounds  of  red 
clover  and  three  pounds  of  alsike  clover  have  been  found  satisfactory 
at  this  Station.  Unless  seeded  during  freezing  weather  when  the 
ground  is  cracked  open  with  frost,  the  seed  should  be  covered  with 
alight  harrow  or  weeder.  When  seeded  with  wheat  or  oats  it  can 
be  distributed  through  the  grass  seeding  attachment  of  the  grain 
drill  and  dropped  in  front  of  the  drill  hoes. 

Harvesting:  Many  experiment  stations  have  tested  the  value 
of  timothy  cut  at  different  stages  of  growth.  Briefly  summarized 
these  results  show  that  the  total  dry  matter  increases  until  the  seed 
is  close  to  maturity;  that  the  total  protein  and  fat,  as  well  as  the 
digestibility  of  the  different  nutrients  decrease  slightly  after 
timothy  passes  full  bloom;  that' the  fiber  and  nitrogen-free  extract 
increase  during  this  period.  All  things  considered  timothy  may 
safely  be  left  until  shortly  after  the  blossoms  have  fallen,  but  not 
later  than  when  the  seed  is  in  the  dough.  Comparatively  late  har- 
vesting is  favorable  to  rapid  curing  and  consequently  lessens  the 
danger  of  loss  from  rain,  with  the  alternate  dissolving  of  soluble 
feed  elements  and  bleaching  in  the  sun,  so  destructive  to  quality 
and  palatability.  With  good  weather  and  the  use  of  the  hay  tedder, 
there  is  little  difficulty  in  curing  and  storing  timothy  in  the  barn  or 
stack  the  day  it  is  cut.  If  weather  is  settled,  some  time  is  saved  by 
mowing  it  late  in  the  afternoon  before. 

Yield:  In  tests  at  this  Station,  timothy  has  led  all  other  grasses 
in  yield  per  acre.  In  1905,  the  yield  of  hay  was  2.92  tons  per  acre; 
in  1906,  2.62  tons;  in  1907,  3.60  tons.  The  test  plots  were  plowed  up 
in  1908  and  new  seedings  of  all  the  different  grasses  tested  were 
made  July  1,  1909.  In  July,  1910,  the  new  seeding  of  timothy  gave 
a  yield  of  4.85  tons  per  acre  of  thoroughly  cured  hay.  The  four 
year  average  yield  is  3.497  tons  per  acre. 

Composition:  The  composition  of  timothy  hay  as  grown  upon 
the  Station  farm  is  shown  in  table  IV.  These  determinations  were 
made  by  the  Department  of  Chemistry.     It  will  be  noted  that  the 
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percentage  of  protein  is  lower  in  timothy  than  in  the  other  gfrasses. 
The  percentagfie  of  fat,  however,  is  the  highest  of  any  of  the  grasses. 
The  food  value  per  acre  is  shown  in  the  same  table. 

The  popularity  of  timothy  among  Ohio  farmers  is  easily 
accounted  for.  It  lies  in  its  good  yield;  in  its  palatability;  in  the 
ease  and  cheapness  with  which  it  is  harvested;  in  the  great  demand 
at  good  prices  for  timothy  hay;  in  the  moderate  expense  of  seeding 
an  acre  to  timothy;  in  the  good  germination  of  seed  and  the  relative 
certainty  of  securing  a  stand,  and  in  its  longevity  when  properly 
cared  for.  With  annual  dressings  of  manure  or,  in  the  absence  of 
manure,  of  nitrate  of  soda  supplemented  with  acid  phosphate  and 
muriate  of  potash,  and,  when  needed,  lime,  timothy  may  be  made  to 
give  good  yields  of  hay  indefinitely.  Ordinarily  this  would  not  be 
desirable,  but  under  certain  conditions  it  is  admissible. 

Disadvantages:  In  common  with  all  the  grasses  timothy  is 
lacking  in  ability  to  utilise  the  nitrogen  of  the  atmosphere  through 
the  aid  of  such  micro-organisms  as  cooperate  with  clover  and  other 
legumes,  and  is  consequently  a  much  more  exhaustive  crop  on  land 
than  clover.  While  timothy  cannot  take  the  place  of  clover  in  a 
rotation,  it  should  be  recognized  that  the  grasses  leave  crop  residues 
in  the  way  of  sods  of  great  value  in  maintaining  the  supply  of  humus. 

In  so  far  as  furnishing  a  crop  of  aftermath  is  concerned, 
timothy  can  not  be  counted  upon  to  do  very  much,  of  an  average 
season.  Only  in  case  of  exceptional  rainfall  during  July  and  August 
may  a  second  crop  worth  harvesting  be  expected. 

The  Production  of  Seed:  As  a  seed  producer  timothy  is 
usually  to  be  depended  upon.  The  yields  seldom  drop  below  five 
bushels  per  acre  and  frequently  reach  ten  or  twelve  bushels.  It  can 
be  harvested  with  the  ordinary  farm  machinery.  It  is  cut  with  a 
grain  binder;  at  once  put  in  shock  '*two  by  two",  without  caps,  and 
allowed  to  cure  about  a  week,  when  it  may  be  threshed  with  a  com- 
mon grain  separator,  using  special  sieves. 

BLUB  GRASS 

Kentucky  blue  grass  {Poa  pratensis)^  very  commonly  called 
June  grass,  and  in  England,  smooth-stalked  meadow  grass,  is 
native  to  both  Europe  and  North  America.  It  is  a  hardy  and  per- 
sistent perennial  well  distributed  over  the  state,  holding  the 
position  as  a  pasture  grass  which  timothy  holds  as  a  grass  for  hay. 
It  makes  the  best  sod  of  any  of  our  grasses  and  tends  to  crowd  other 
grasses  out  when  land  is  left  any  considerable  time  in  grass,  partic- 
ularly if  it  be  pastured. 
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Soil:  It  is  at  its  best  on  the  limestone  soils  of  the  state,  though 
il  does  fairly  well  on  a  wide  range  of  soils  in  the  timothy  and  clover 
region.  It  does  better  on  clay  than  on  sandy  loams.  Being  a 
shallow-rooted  plant  it  gives  way  quickly  to  droughty  conditions, 
though  it  will  start  up  immediately  after  good  rains. 

Blue  grass  is  not  well  adapted  to  rotation  farming.  It  is  seldom 
used  for  hay,  though  it  makes  a  very  nutritious  hay  as  will  be  seen 
by  refering  to  Table  IV.  Unless  it  is  harvested  promptly  it  inclines 
to  be  wiry  and  loses  in  palatability. 

It  is  both  an  early  spring  and  a  late  fall  grower,  jturnishing 
excellent  pasture  at  both  ends  of  the  season.  Its  short  season  is  in 
midsummer,  particularly  if  the  weather  be  dry.  It  stands  grazing 
and  tramping  well,  but  it  is  a  mistake  to  graze  it  too  close. 

Seeding:  Blue  grass  may  be  seeded  with  wheat  in  the  fall,  or  in 
early  spring  along  with  other  grasses  and  clover,  but  probably  the 
best  time  to  seed  it  is  in  the  late  summer  or  early  fall,  either  alone, 
or  with  other  grasses.  Ordinarily  there  is  diflBculty  in  securing  an 
immediate  stand  of  blue  grass.  This  is  due  in  part  to  the  very  gen- 
eral poor  germination  of  blue  grass  seed.  When  only  a  small 
percent  of  the  seed  germinates  it  must  Qeeds  take  time  for  blue 
grass  to  make  its  way.  With  good  seed '  sown  under  favorable 
conditions  blue  grass  will  take  possession  of  the  ground  quite 
rapidly,  though  not  as  rapidly  as  many  grasses.  A  seeding  made 
by  this  Station  July  1,  1909,  cut  2.86  tons  of  well  cured  hay  June 
20,  1910.  The  sod  now  fifteen  months  after  seeding  is  very  dense. 
This  seeding  was  at  the  rate  of  25  pounds  per  acre. 

It  is  important  that  grass  seed  be  tested  for  germination  before 
purchases  are  made.    If  this  be  done  there  will  be  fewer  purchases. 

As  blue  grass  seed  runs,  it  probably  is  as  well  to  seed  other 
grasses  with  it.  This  reduces  the  chances  of  failure  and  insures  an 
immediate  crop.  The  blue  grass  will  eventually  come  into  posses- 
sion of  the  ground.  A  mixture  of  blue  grass,  timothy,  redtop  and 
orchard  grass  seeded  in  the  late  summer  or  fall,  followed  in  the 
early  spring  with  seedings  of  red  and  alsike  clover,  will  be  found 
satisfactory.  If  the  seeding  be  made  early  it  will  not  be  amiss  to 
sow  the  clovers  with  the  grasses.  For  the  amount  of  seed  recom- 
mended of  the  several  constituents  see  a  later  page  on  the  care  of 
pastures. 

When  seeded  alone,  25  or  30  pounds  of  blue  grass  should  be 
used  per  acre. 

Yield  of  Hay:  This  Station  has  secured  a  four  year  average 
yield  of  2.187  tons  of  hay  per  acre.  The  lowest  yield  during  the 
four  years  was  1.56  tons  and  the  highest  2.86  tons.  As  grasses  go 
this  is  not  a  bad  showing. 
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The  seed  production  of  blue  grass  is  largely  confined  to  a  small 
area  in  Kentucky.  Special  machinery  is  used  for  "stripping-'*  the 
heads,  as  also  for  cleaningf  the  seed. 

For  Lawns:  Blue  g^rass  is  the  basis  of  all  lawn  grass  mixtures. 
It  stands  frequent  clipping  admirably.  Its  one  weakness  is  its 
habit  of  tuming^  brown  in  dry  weather,  but  when  water  can  be 
supplied  it  leaves  little  to  be  desired.  It  is  well  to  mix  redtop  and  a 
little  white  clover  with  it,  however.  A  mixture  of  30  pounds  of  blue- 
grass,  IS  pounds  of  redtop  and  3  pounds  of  white   clover  per  acre. 

makes  a  good  seeding. 

REDTOP 

Redtop  (^Agrostis  alba)  belongs  to  a  family  of  grasses  very 
fifenerally  distributed  over  the  g^lobe.  While  probably  second  in 
Ohio  to  timothy,  as  a  grass  for  hay,  and  to  blue-grass  for  pasture, 
it  is  not  a  close  second  in  either  case.  It  is  a  hardy  and  a  lon^T-lived 
grass,  making  a  heavy,  tough  sod  which  stands  tramping  well. 

It  is  about  equally  valuable  for  hay  and  pasture.  It  is  a  littk 
later  in  season  than  timothy  but  may  be  seeded  with  it  in  so  far  a& 
harvesting  is  concerned,  though  where  hay  is  intended  for  market 
this  practice  can  hardly  be  advised  for  redtop  is  not  in  as  grood 
market  demand  as  timothy. 

Soil:  Redtop  is  very  generally  found  growing  wild  on  wet, 
heavy  bottom  lands,  and  should  always  be  included  in  mixtures  for 
such  lands  whether  for  hay  or  pasture.  It  will  do  well  on  soil  that 
is  too  acid  for  clover  or  timothy  to  thrive.  While  better  adapted  to 
wet  lands  it  may  be  expected  to  do  fairly  well  on  a  great  variety  of 
soils. 

Seeding:  Redtop  seed  varies  rather  more  in  quality  than  other 
grasses.  Quotations  at  hand  from  a  single  seedsman  vary  in  price 
from  $4.00  to  $16.50  per  cwt.,  owing  to  grade.  The  best  recleaned 
seed  is  the  cheapest.  Fancy  gfrades  weigh  from  30  to  40  pounds 
per  bushel. 

Of  the  best  grade  of  seed  IS  pounds  per  acre  may  be  counted 
a  full  seeding:,  when  used  alone. 

It  may  be  seeded  as  has  been  recommended  for  timothy  and 
blue  £frass. 

Land  which  for  any  reason  cannot  well  be  prepared  for  seeding 
may  be  seeded  in  February  or  March,  the  seed  being  covered  by 
freezing  and  thawing.  Thin  or  recently  cleared  woodlands  may  be 
set  in  grass  in  this  way.  Also  wet  lands  with  inferior  herbag^e  may 
be  improved  by  such  seeding.  Fowl  meadow  grass  iPoa  /lava\ 
sometimes  called  false  redtop,  may  well  be  mixed  with  redtop  for 
the  latter  conditions. 
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For  the  sake  of  variety  and  season,  redtop  should  be  included  in 
all  pasture  mixtures. 

Yield  as  Hay:  As  tested  at  this  Station  for  yield  of  hay  redtop 
has  given  a  four  year  average  yield  of  2.817  tons  per  acre.  It  accord- 
ingly stands  second  of  the  eight  grasses  tested  this  length  of  time. 
It  is  exceeded  in  yield  by  timothy  only. 

ORCHARD  GRASS 

Orchard  grass  {Dactylis  glomeratd)  is  a  native  of  Europe,  gomg 
by  the  name  of  cocksfoot  in  England.  Its  American  name  is  due 
to  its  successful  and  persistent  growth  in  partially  shaded  places. 

This  grass  has  but  a  small  place  in  Ohio  agriculture.  In  two 
counties,  Clinton  and  Highland,  it  is  grown  extensively  as  a  seed 
crop,  but  is  not  extending  very  far  over  their  borders.  The  price 
of  orchard  grass  seed  is  usually  quite  high  and  the  returns  per  acre 
fairly  remunerative;  but  this  matter  of  seed  production  could  easily 
be  overdone,  as  the  demand  is  limited. 

Orchard  grass  is  about  equally  valuable  for  hay  or  pasture.  It 
calls  for  a  drier  soil  than  redtop.  It  does  best  on  rich,  well  drained 
loams. 

Its  Advantages  are:  It  stands  drought  much  better  than 
timothy  and  blue-grass.  It  is  one  of  the  first  grasses  to  start  in  the 
spring,  offering  the  first  bite  of  the  season  in  pastures.  It  makes  a 
more  rapid  growth  after  mowing  than  most  grasses,  furnishing 
considerable  aftermath  for  pasturage  and,  some  seasons,  a  fair 
second  cutting.  It  is  very  persistent.  The  writer  knows  of 
patches  seeded  35  years  ago  that  seem  not  to  have  changed  any 
during  the  last  25  years. 

Its  Disadvantages  are:  Unless  kept  closely  cropped  in  pastures 
it  is  likely  to  be  avoided  by  livestock,  as  it  seems  to  lose  in  palata- 
bility  with  size  and  age.  Unless  cut  for  hay  promptly  (when  in 
blossom)  it  rapidly  deteriorates,  becoming  very  woody.  In  this 
woody  stage  it  is  not  relished  by  stock.  On  this  account  its  harvest 
season  cannot  be  extended  like  timothy.  The  tendency  to  grow  in 
tufts  is  much  greater  with  orchard  grass  than  with  other  grasses. 
It  is  very  difficult,  if  not  impossible,  to  secure  an  even  sod.  It  costs 
about  three  times  as  much  to  seed  an  acre  to  orchard  grass  as  to 
timothy.  On  the  average,  at  this  Station,  timothy  has  exceeded 
orchard  grass  in  yield  of  hay  about  60  percent.  The  market  for 
timothy  hay  is  established  and  the  price  is  at  the  top;  neither  oi 
which  is  true  of  orchard  grass. 

Seeding:  Orchard  grass  may  be  seeded  on  wheat  ground  in 
the  early  spring  and  the  covering  left  to  the  freezing  and  thawing:  of 
the  ground,  but  perhaps  a  better  way  is  to  wait  until  ground  is  dry 
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enough  to  put  a  smoothing:  harrow  on  it,  thus  insuring  a  bettci 
covering,  as  this  seed  will  not  drop  into  the  ground  as  readily  aa 
timothy  and  clover.  It  is  sometimes  seeded  with  wheat  in  the  fall. 
Like  other  perennial  grasses  it  is  found  very  satisfactory  to  seed  it 
in  midsummer  or  early  fall,  alone  or  with  other  grasses. 

The  purity  and  germination  of  commercial  samples  of  orchard 
grass  are  usually  good.  When  seeded  alone  either  for  hay  or 
pasture  it  is  well  to  use  about  30  pounds  of  seed  per  acre.  For 
growing  a  seed  crop  less  seed  is  used— 12  to  20  pounds. 

Since  orchard  grass  is  of  the  same  season  as  red  clover  it  is 
often  recommended  to  seed  the  two  together.  That  this  mixture 
will  produce  any  more  or  siny  better  hay  than  mixtures  of  timothy 
and  clover,  is  to  be  doubted,  even  though  the  latter  are  not  of  the 
same  season.  The  Illinois  Station'"  found  a  mixture  of  9  pounds 
of  timothy  and  6  pounds  of  clover  to  yield  18  percent  more  hay,  as 
an  average  of  two  years'  tests,  than  17)4  pounds  of  orchard  grass 
with  the  same  amount  of  clover  seed. 

If  orchard  grass  has  a  place  in  Ohio  as  a  hay  crop  it  is  in  loca- 
tions where  timothy  is  not  at  its  best — in  partially  shaded  places,  for 
instance.    It  is  worthy  of  trial,  in  a  small  wray,  in  pasture  mixtures 

Seed  Production:  In  the  seed  producing  sections  orchard  gras^ 
is  allowed  to  stand  until  it  begins  to  shatter  slightly,  when  it  is  cut 
with  a  grain  binder,  as  high  as  possible.  It  is  allowed  to  stand  in 
small  shocks  2  or  3  weeks,  when  it  is  threshed  with  an  ordinary 
grain  separator.  It  yields  from  8  to  16  bushels  of  seed  per  acre. 
The  aftermath  is  used  for  pasture  or  hay.  The  straw  also  has  a 
little  value. 

Yield  of  Hay:  The  four  year  average  yield  of  hay  at  this  Station 
has  been  2.197  tons  per  acre. 

MEADOW  FESCUE 

Meadow  fescue  (^Festuca  fratensis)  is  a  native  of  Europe  and  is 
very  extensively  cultivated  in  England.  It  is  seldom  seeded  in 
Ohio,  but  in  some  way  it  has  become  quite  well  distributed  over  the 
state  along  road  sides  and,  to  some  extent,  in  the  richer  and  more 
moist  portions  of  permanent  pastures.  This  suggests  its  adapta* 
bility  to  certain  Ohio  conditions  and  is  perhaps  its  chief  recom- 
mendation. 

In  the  timothy  region  there  can  be  but  little  place  for  it  as  a 
hay.  It  is  far  below  timothy  in  yield  and  unless  it  be  cut  promptly 
is  mclined  to  be  tough  and  wiry.  When  harvested  properly  it  makes 
a  palatable  hay. 

*Bul.  15.  p.  486. 
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It  is  doubtless  better  as  a  pasture  grass,  though  it  is  not  well 
enough  tested  yet  to  justify  its  unqualified  recommendation.  One 
greatobjection  to  it  is  the  high  price  of  the  seed.  A  full  seeding 
calls  for  about  30  pounds  per  acre.  At  present  prices  this  will  cost 
double  what  it  will  to  seed  to  a  mixture  of  blue-grass,  timothy  and 
redtop,  and,  as  tested  at  the  Cornell  Experiment  Station,*  the  latter 
mixture  will  prove  the  more  valuable. 

TALL  FESCUE 

Tall  fescue  iFestua^  elatior)  is  another  member  of  the  Festuca 
family  of  which  there  are  some  eighty  species.  This  grows  four  to 
eight  inches  taller  than  the  meadow  fescue  and  is  somewhat  more 
vigorous.  The  seed  of  the  tall  fescue  comes  still  higher  in  price. 
In  yield  of  hay  it  is  superior  to  meadow  fescue.  In  quality  they  are 
about  the  same. 

At  this  Station  the  four  year  average  yield  of  tall  fescne  is 
2.435  tons  per  acre,  while  the  average  yield  of  meadow  fescue  is  2.10 
tons.    Each  year  ol  the  four,  the  tall  fescue  has  led  in  yield. 

BROMB  GRASS 

Brome  grass  iBromus  intrmis)^  frequently  called  awnless  brome 
grass  and  Russian  brome  grass,  is  a  native  of  Europe,  having 
been  grown  upon  the  cold,  dry  Steppes  of  Russia  for  centuries. 
As  compared  with  other  grasses  it  is  a  recent  introduction  in  this 
country.  It  is  proving  a  great  acquisition  in  the  northwest  and 
parts  of  the  west.  Its  value  for  Ohio  conditions  remains  to  be 
proved. 

Brome  grass  is  in  greater  repute  as  a  pzitxxrt  than  as  a  hay 
grass.  It  has  a  very  deep  and  an  abundant  root  system  which  forti- 
fies it  against  drought. 

The  Ohio  Station  has  been  quite  unfortunate  in  its  seedings  of 
brome  grass.  Owing  to  poor  germination  of  seed,  in  part,  it  has 
failed  upon  repeated  seedings.  A  seeding  made  in  1909  was  the 
first  to  give  a  fair  result. 

The  Cornell  Stationf  reports  a  failure  after  three  different 
seedings,  and  a  lack  of  adaptability  to  New  York  conditions. 

Seeding:  Twenty  pounds  of  seed  per  acre  is  quite  commonly 
recommended  for  this  grass.  All  things  considered  it  would  seem 
to  be  far  short  of  a  full  seeding.  The  seed  of  brome  grass  is  very 
large.  It  runs  about  140,000  seeds  per  pound,  while  blue-grass  ha.s 
some  2,500,000,  and  redtop  6,000,000  per  pound.  Forty  pounds  of 
brome  grass  seed  per  acre  will  come  nearer  a  full  seeding  for  Ohio 
conditions.     The  seed  is  moderate  in  price. 

•Bui.  280,  p.  378. 
tBul.  280,  p.  379. 
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Yield:  The  only  year  this  Station  has  succeeded  in  getting  a 
crop  of  brome  grass  was  in  1910.  The  yield  of  hay  was  2.98  tons. 
The  same  season  timothy  gave  a  yield  of  4.85  tons;  redtop  3.34  tons 
tall  fescue  3.02  tons  and  blue  grass  2.86  tons  per  acre. 

Brome  hay  is  nutritious  and  palatable. 

TALL  OAT  GRASS 

Tall  oat  grass  (^Arrhenaiherum  elatius)  is  a  European  perennial 
grass,  little  cultivated  in  this  country.  There  would  seem  to  be 
small,  if  any  place  for  it  in  this  state,  save  possibly  on  light,  sandy 
soils  where  better  grasses  will  not  thrive.  It  is  a  deep-rooted  grass 
and  stands  drought  well. 

In  point  of  season  tall  oat  grass  ripens  with  orchard  grass,  or  a 
little  earlier.  Like  orchard  grass  it  deteriorates  rapidly  after  it  is 
ready  for  harvest.  It  ripens  seed  quickly  and  shatters  badly.  It 
starts  growth  very  early  in  the  spring  and  produces  a  great  deal  of 
aftermath  when  cut  for  hay. 

In  palatability  it  is  subject  to  great  criticism.  As  grown  at  this 
Station  it  has  shown  quite  a  tendency  to  smut.  The  yield  of  hay 
has  been  fairly  good,  the  four  year  average  yield  being  2.247  tons 
per  acre.  Only  once  in  the  four  years  has  the  yield  dropped  below 
two  tons. 

THE  RYE  QRASSBS 

Perennial  rye  grass  iLolium  perenne)  is  a  native  of  Europe.  It 
is  a  great  favorite  in  England  and  perhaps  the  most  important  grass 
of  Europe.  It  is  valued  very  highly  as  a  pasture  grass  and  is  used 
to  quite  an  extent  for  hay  also,  though  it  is  preeminently  a  pasture 
g'rass. 

In  the  United  States  it  has  never  gained  a  prominent  position 
and  is  practically  unknown  in  Ohio. 

It  is  frequently  recommended  as  a  minor  ingredient  of  pasture 
mixtures  but  it  will  hardly  make  headway  in  competition  with  blue 
grass,  redtop,  timothy  and  orchard  grass.  Used  in  mixtures  of  ten 
different  grasses  at  the  Cornell  Station,  it  "has  not  been  observed 
at  all.'' 

It  is  better  adapted  to  rich,  moist  soils  than  to  other  types. 
Thirty  pounds  of  seed  per  acre  is  needed,  when  seeded  alone.  The 
seed  of  perennial  rye  grass  is  very  cheap. 

Yield:  In  our  tests  of  ten  grasses,  perennial  rye  stands  lowest 
in  yield  of  hay,  the  four  year  average  being  only  1.82  tons  per  acre. 

It  can  hardly  be  recommended  for  Ohio  conditions. 
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ITALIAN  RYE  GRASS 

Italian  rye  £frass  {Loltum  italicum)  is  a  biennial.  Under  some 
conditions  it  will  perpetuate  itself  by  reseedingf,  but  it  cannot  be 
counted  upon  to  do  so. 

It  is  a  very  rapid  grrower.  Compared  with  the  perennial  rye 
Srrass,  the  Italian  rye  is  of  a  ligfhter  shade  of  green,  ^ows  more 
rapidly,  is  earlier,  has  coarser  stems,  and  is  taller.  The  seed  may- 
be disting-uished  from  the  fact  that  the  Italian  rye  has  a  small  beard, 
while  the  perennial  does  not. 

The  Italian  rye  grrass  is  not  adapted  to  pasturing:,  as  it  is  too 
short-lived.  Its  grreatest  success  seems  to  be  under  irrigfation.  It 
is  frequently  used  to  seed  lawns  for  the  reason  of  the  quick  covering- 
of  green  it  furnishes,  though  it  is  of  no  value  as  a  permanent  lavtm 
grass.     For  field  conditions  35  pounds  of  seed  peracre  are  required. 

Yield:  This  Station  has  had  it  in  its  large  plot  tests  but  one 
season,  when  it  gave  a  yield  of  2.56  tons  per  acre,  standing  seventh 
among  ten  o^her  grasses. 

A  FURTHER  WORD  ON  PASTURES 

In  addition  to  what  has  been  said  about  pastures  under  blue 
grass  and  other  grasses,  attention  should  be  called  to  the  desirability 
of  mowing  pastures  over  once  during  July  or  August.  Not  simply 
clipping  a  little  here  and  there  with  a  scythe,  but  a  thorough  going* 
over  with  a  mowing  machine.  In  some  pastures  this  will  necessitate 
a  great  deal  of  grubbing  and  cleaning  up,  which  in  itself  will  mean 
more  and  better  grass.  This  mowing  prevents  the  weeds,  which 
usually  are  not  cropped  back  by  the  livestock,  from  taking  moisture 
greatly  needed  by  the  grass,  thereby  weakening  and  gradually 
crowding  the  grass  out.  And,  if  the  mowing  be  done  at  the  proper 
time,  it  greatly  reduces  the  future  crop  of  weeds  by  the  prevention 
of  seeding,  and  also  destroys  many  weeds  outright  by  cutting  them 
oflf  at  a  critical  stage.  The  mowing  machine  should  be  set  to  run 
moderately  high.  It  will  be  found  a  very  useful  implement  in 
pasture  fields. 

Furthermore,  pastures  should  be  systematically  fed.  In  the 
absence  of  applications  of  manure  or  fertilizers,  lands  kept  in  per- 
manent pasture  may  be  expected  to  decline.  The  production  and 
removal  of  bone,  flesh,  wool,  milk,  etc.,  can  but  reduce  the  stock  of 
plant  food  in  the  soil.  If  the  product  of  our  pastures  is  to  be 
increased,  or  even  maintained,  there  must  be  a  restoration  of  the 
plant  food  removed,  as  may  be  needed;  particularly  of  the  phos- 
phorus, and  frequently  on  the  thinner  soils,  of  nitrogen,  potassium 
and  lime.  A  dressing  of  stable  manure  is  valuable,  but  seldom  is  it 
available.    Usually  it  is  necessary  to  resort  to  the  use  of  commercial 
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fertilizers.  Applications  of  200  pounds  of  steamed  bone  and  30  to  40 
pounds  of  muriate  of  potash  per  acre  are  helpful.  Off  the  limestone, 
occasional  dressings  of  fine  ground  limestone  (1  to  2  tons  per  acre) 
may  be  expected  to  be  needed.  It  will  be  better  to  let  several 
months  intervene,  if  possible,  between  the  application  of  limestone 
and  manure. 

After  treating  as  above  suggested,  a  heavy  spike-tooth  harrow 
can  often  be  used  with  profit,  and  also  additional  grass  and  clover 
seed. 

Grass  Mixtures— For  ordinary  conditions,  the  following  mix- 
ture is  suggested  for  an  acre  of  ground: 


Orchard  grass 4  pounds 

Red  clover 4        " 

Alsike  clover 2        ** 


Blue  grass 10  pounds 

Timothy 6        " 

Redtop 6 

For  use  on  rather  wet  soils,  and  especially  off  the  limestone: 

Redtop .12  pounds         Thnothy 4  pounds 

Blue  grass 8        **  Alsikeclover 4        ** 

THE  COMPARATIVE  COST  OF  SBBDINQ  DIFFERENT  GRASSES 

In  Table  II  is  given  the  comparative  cost  of  seeding  an  acre  of 
land  to  the  different  grasses  reported  upon  in  this  bulletin.  The 
amount  of  seed  indicated  per  acre  is  believed  to  be  none  too  much 
for  a  good  stand  of  plants,  when  using  the  best  grades  of  commer- 
cial seed.  The  price  of  seed  is  from  recent  quotations  from  our 
best  seed  houses.  The  price  varies  with  production.  Timothy,  for 
instance,  is  very  high  this  season.  It  may  be  worth  only  one-half  as 
much  in  twelve  months. 

It  will  be  noted  that  the  variation  in  the  expense  of  seeding  an 
acre  to  the  different  grasses  is  very  great.  This  will  have  to  be 
taken  into  consideration  in  determining  their  utility. 

TABLE  II.  THE  COST  OP  GRASS  SEED  PER  ACRE 


Name 


Lbs.  per 
acre 

Cost  per  lb. 
centB 

Cost  per 
acre 

15 

12 

$1.80 

25 

23 

5.00 

15 

16 

2.40 

ao 

18 

6.40 

ao 

96 

7.60 

30 

27 

8.10 

40 

8 

8.20 

ao 

17 

6.10 

ao 

6 

1.80 

35 

6H 

2.28 

Timothy  • 
Blueffrau 
Redtop  *••• 
Orchard 

Meadow  (eecue 

TaUfeecue 

Brome  ffrass 

Tall  oat  rraas 

Perennial  nre  ffrase 
Italian  rye  rrass  — 
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THB    COBAPARATIVB  YKLD  OF  QRASSBS 

Seedings  of  nine  different  crrabses  were  made  in  1904.  Size  of 
plots,  one-twentieth  of  an  acre.  Good  stands  were  secured  of  all 
save  brome  ^ass.  This  plot  was  a  failure.  It  bore  a  variety  of 
grasses  and  weeds,  but  very  little  brome  ^ass.  Three  successive 
crops  of  hay  of  the  several  passes  were  harvested,  when  the  plots 
were  plowed  up,  cleaned,  manured,  limed  and  reseeded  in  1909.  In 
the  reseeding,  Italian  rye  grass  was  added. 

The  yield  for  the  four  harvests  follow: 

TABL^  IIL    YIBLD  OP  QRASSBS 


Name 


Tons  of  haj  per  acre 


1906 


1906 


1907 


1910 


4  yr.  ar. 


Timothy 

Blueffraas 

Redtop 

Orchard  ffraas 

Meadow  fescoe 

Tall  fescue 

Brome  ffraas 

TaU  oat  grass 

PiBfwmlal  rye  grass  • 
Italian  rye  grass. .«. 


2.92 

1.66 

2.70 

1.66 

1.86 

1.96 

1.4ff» 

1.75 

1.72 


2.62 
2.18 
2.96 
2.34 
2.10 
2.18 


2.40 
1.70 


3.60 
2.16 
2.22 
2.22 
2.01 
2.60 
2.74» 
2.82 
2.U 


4.86 
2.86 
8.84 
2.0B 
2.44 
8.0S 
2.98 
i2.02 
1.76 
2.66 


3.497 
2.187 
2.817 
2.197 
2.100 
2,486 

2.947 
1.822 


*  Almost  ererything  in  this  except  brome  grass. 

COMPOSITION  OF    OHIO  QRASSBS 

The  hay  made  from  different  grasses  in  1910  was  analyzed  by 
the  Department  of  Chemistry,  to  whom  the  writer  acknowledges 
his  indebtedness.  Table  IV  gives  the  percentage  composition  and 
the  pounds  of  the  different  constitutions  per  acre,  using  the  four 
year  average  yield  as  the  basis.  The  superiority  of  the  old-time 
favorites  is  apparent. 
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The  Bulletins  of  this  Station  are  sent  free  to  all  residents  of  the  State 
who  request  them.  When  a  change  of  address  is  desired,  both  the  old  and 
the  new  address  should  be  given.  All  correspondence  should  be 
addressed  to  EXPERIMENT  STATION,  Wooster,  Ohio 
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To  Chas.  E.  Thorne,  Director: 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for  publi- 
cation as  a  Bulletin  of  the  Experiment  Station,  the  accompanying*  manuscript 
entitled  **A  study  of  Farm  Equipment,"  which  has  been  prepared  by  Mr.  L.  W. 
Ellis  of  the  Office  of  Farm  Manag'ement,  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture. 

This  paper  is  based  on  a  detailed  study,  made  in  cooperation* with  this 
office,  of  the  equipment  and  the  distribution  of  investment  on  a  number  of  farms 
in  this  state.  Few  people  realize  the  relationship  of  land,  buildings,  equipment 
stock,  machinery,  cropping  systems  and  working  capital  to  successful  farming-. 
This  paper  points  out  these  relationships  as  they  were  found  to  exist  on  farms 
of  various  types  in  this  state.  It  also  includes  an  important  study  of  machinery 
cost  per  year  and  per  acre. 

Respectfully, 

L.  H.  GrODDARD, 

Chief  of  Department  of  Cooperation 
Approved: 

Chas.  E.  Thorne, 

Director, 
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A  STUDY  OF  FARM  EQUIPMENT 

By  L.  W.  ELLIS 
INTRODUCTION 

Successful  farm  managfement  presupposes  a  proper  relation 
between  the  various  factors  of  production.  The  process  of  ad- 
justing: land,  labor  and  capital  into  harmonious  relationship  is  con- 
sciously or  unconsciously  followed  by  all  farmers.  In  the  course  of 
time  the  successful  farmer  reaches  the  point  where  productive  area, 
live  stock,  cropping:  system,  labor,  equipment,  and  working:  capital 
are  properly  balanced  and  a  profitable  routine  may  be  followed. 
Before  that  point  is  reached,  however,  many  expensive  mistakes  are 
usually  made,  and  perhaps  none  are  more  keenly  felt  than  those 
arising:  from  improper  distribution  of  capital. 

The  study  of  farm  equipment  was  undertaken  for  the  purpose 
of  determining:  from  the  study  of  successful  farms  the  proper 
relationships  that  should  exist  between  investments  in  land,  im- 
provements, livestock,  machinery  and  tools. 

This  report  presents  the  results  of  a  study  of  equipment  on  a 
number  of  farms  where  conditions  were  unusually  favorable  for 
securing:  the  desired  information.  The  data  and  observations 
would  undoubtedly  have  been  more  complete  and  satisfactory  had  a 
thorough  preliminary  analysis  of  the  situation  been  possible  in  the 
light  of  later  knowledge.  They  are  presented,  however,  as  secured, 
in  order  to  illustrate  by  concrete  example  numerous  problems  that 
arise  in  this  field  of  investigation.  A  portion  of  the  data  secured  in 
these  investigations  has  already  been  published*. 

^Circular  96,  of  this  StatioD,  reffardinff  "Minor  Items  of  Farm  Equipment".      This   will  be   sent 
free  on  appUcatioa  to  the  Ohio  Experiment  Station.  Wooeter.  Ohio. 
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METHODS  OF  PROCEDURE 

The  work  was  done  under  the  joint  auspices  of  the  OflBce  of 
Farm  Management,  U.  S.  Department  of  Ag^riculture  and  the 
Ohio  Experiment  Station.  During"  February  and  March,  1909, 
in  connection  with  the  annual  inventories  on  the  farms  of  about 
thirty-five  statistical  cooperators,  a  detailed  study  of  the  equipment 
was  made  in  so  far  as  it  was  possible  to  secure  information  from 
the  proprietor  or  manager.  Specially  prepared  forms  were  used  in 
order  to  obtain  full  details.  Previous  field  measurements  of  the 
various  farms  by  Mr.  H.  C.  George  of  the  Experiment  Station  gave 
accurate  data  as  to  the  size  of  each,  the  areas  devoted  to  different 
purposes,  the  length  and  character  of  fences  and  certain  other 
details.  Measurements  and  sketches  were  made  of  the  buildings, 
and  numerous  details  as  to  their  character  and  condition  were  noted. 
The  extent,  character,  and  cost  of  water  supply  and  drainage 
systems  were  studied. 

The  usual  inventory  of  livestock,  machinery,  tools  and  supplies 
was  made  to  include  many  details  in  addition  to  mere  values. 
Messrs.  Abbot,  Bugby,  Elser  and  Lloyd  of  the  staflF  of  the  Ex- 
periment Station  assisted  at  various  times  in  the  field  work,  and  Mr. 
C.  A.  Massaro  of  the  Department  of  Cooperation  assisted  in  the 
compilation  of  the  data. 

In  the  case  of  every  farm  studied,  difficulty  was  encountered  in 
securing  all  the  details  desired.  Especially  was  this  true  in  the 
matter  of  cost  of  permanent  improvements,  the  installation  of  which 
usually  antedated  the  tenure  of  the  incumbent  proprietor.  The 
determination  of  the  present  value  of  real  and  personal  property 
was  also  especially  difficult,  as  a  uniform  basis  could  not  be  main- 
tained for  the  reconciliation  of  exchange  value  with  the  value  in  use. 

Previous  to  the  work  just  mentioned,  about  twenty  successful 
Ohio  farms  were  visited  by  Mr.  H.  C.  Thompson,  of  the  Office  of 
Farm  Management,  and  less  complete  equipment  studies  made. 
Some  data  from  this  source  are  included  in  this  report.  A  third 
source  of  data  consists  of  circular  letters  dealing  with  com  and 
tillage  machinery  which  were  sent  out  in  1908  to  a  selected  list  of 
Ohio  farmers.  Over  100  carefully  prepared  reports  of  this  character 
have  been  drawn  upon  for  material. 

CHARACTER  OP  FARMS   STUDIED 

The  farms  from  which  data  were  secured  fcr  this  report  are 
probably  above  the  average  in  the  character  of  the  proprietors, 
methods  and  equipments,  yet  not  necessarily  examples  of  exception- 
ally successful  management.      They  are  well  scattered  over  the 
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jtate,  as  shown  in  Fig  1.  Only  those  visited  in  1909  were  analyzed 
IS  to  the  chief  enterprises  conducted.  For  convenience,  these  have 
)een  numbered  as  in  the  various  tables  presented  later.  On  23  of 
hese  farms  it  was  found  possible  to  make  a  complete  distribution 
►f  investment  by  enterprises,  and  it  is  with  these  that  this  report 
las  chiefly  to  deal.  Data  from  two  of  these  are  excluded  from  the 
verages  g^iven  later,  one  being:  a  small  truck  farm  and  the  other  a 
:eneral  farm  on  which  conditions  had  operated  to  reduce  the  equip- 
aent  investment  to  an  abnormally  low  figure.  Figures  from  both 
re  made  available  for  comparison  as  well  as  those  from  a  number  of 
arms  on  which  the  analysis  could  not  be  completed. 


Fig.  1.    Showing  location  of  farms  studied 
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The  21  farms  represented  in  the  tables  showing  average  dis- 
tribution of  investment  range  from  about  SO  to  400  acres  in  size, 
averaging  about  166.  In  this  and  other  particulars  they  differ 
materially  from  the  state  averages  as  reported  in  the  Tw^elfth 
Census  (1900).  According  to  the  census  report  32.4  percent  of  the 
farms  of  the  state  were  between  SO  and  100  acres  and  24.3  per  cent 
between  100  and  175  acres  in  size.  Table  I  presents  a  comparison 
of  the  average  of  the  21  farms  and  that  of  the  state  as  shown  by  the 
census.  It  will  be  remembered,  however,  that  the  census  valuations 
are  made  on  the  basis  of  sale  values.  In  taking  the  inventories,  con- 
sideration was  given  to  both  this  sale  value,  and  the  original  cost  of 
property  less  a  reasonable  depreciation  charge  based  on  its 
condition  and  length  of  time  already  in  use  in  proportion  to  its  ex- 
pected total  life.  This  will  lessen  the  apparent  difference  between 
these  farms  and  the  average  for  the  state. 

Of  the  21  farms  six  include  dairying  as  the  principal  enterprise, 
one  is  devoted  largely  to  feeding  sheep,  and  two  more  place  greater 
emphasis  on  the  feeding  of  cattle  than  the  average  farm,  but  in  no 
instance  are  the  equipment  and  management  those  of  a  highly 
specialized  type  of  farm.  They  represent,  on  the  whole,  the  most 
common  type  of  farm  to  be  found  in  the  state,  with  the  exceptions 
previously  noted.  Concerning  the  farms  visited  by  Mr.  Thompson 
and  those  covered  by  circular  letter,  it  may  be  said  that  they  repre- 
sent the  general  rather  than  any  special  type,  and  are  probably 
better  organized,  equipped  and  managed  than  the  average  of  all 
farms  in  the  state.  It  is  the  equipment  of  this  class  rather  than 
that  of  highly  specialized  farms  or  that  of  groups  including  both 
the  best  and  poorest  examples  of  farming  that  has  been  studied  in 
the  endeavor  to  establish  logical  relationships  between  the  land, 
improvements,  stock  and  machinery  required  for  successful  opera- 
tion. The  data  hereinafter  presented  are  conclusive  only  in  so  far 
as  the  farms  studied  are  typical.  It  is  held,  however,  that  similar 
analyses  of  a  large  number  of  farms  in  any  section  would  afford 
reliable  averages  from  which  the  proper  distribution  of  capital  in 
equipment  for  a  given  farm  could  be  predetermined  with  scientific 
accuracy. 

DISTRIBUTION  OF  INVESTMENT 

There  are  three  distinct  objects  sought  in  this  study  of  farm 
equipment:  (1)  The  amount  of  equipment  necessary  and  its  first 
cost;  (2)  The  inventory  valuation  at  a  given  time;  and  (3)  The 
equipment  charge  on  farm  operations,  a  portion  of  which  is  repre- 
sented in  the  difference   between   the  first  cost  and  a  succeeding 


Digitized  by 


Google 


208  OHIO  EXPERIMENT  STATION:  BULLETIN  227 

inventory  valuation.  The  second  phase  will  be  discussed  first,  i,  e., 
the  present  distribution  of  investmeDt  as  shown  by  inventory. 
Land,  Building^s,  Fences,  Drainage,  Water  Supply,  Livestock, 
Machinery  and  Tools,  and  Produce  and  Supplies  are  regarded  as  the 
principal  divisions  of  equipment.  These  classes  are  also  divided 
among  the  enterprises.  The  enterprise,  rather  than  the  farm,  was 
regarded  as  the  unit. 

LAND 

In  Table  II  is  shown  for    1909,   the  distribution   of  acreage  by 
enterprises  for  the  various  farms.       Under    "General  farm"    is 
included  areas  in  lots,  lanes,  waste  spots,  public  roads  and  all  other 
lands  belonging  to  the  farm  which  cannot  properly  be  charged  to  one 
enterprise  or  a  group  of  enterprises.      "Household"  includes  door- 
yard  and  family  garden,  also  the  orchard  where  the  latter  is  not  at 
all  a  commercial   proposition.      Tenant  yard,  garden,    etc.,    are 
charged   to  "Labor."       "All  stock"  refers  to  all  lots  and    fields 
devoted  exclusively  to  livestock.     Where  pastured  fields  contained 
any  considerable  growth  of  trees,  the  judgment  of  the  surveyor  was 
relied  upon  for  a  division  of  the  field  into  pasture  and  w^oodland. 
Temporary  pastures  are  included  under  this  head,  hence  the  areas 
devoted  to  "All  stock"  and  "All  crops"  would  vary  from  year  to 
year.     Under   "All  crops"  are  included  all  tilled  and  mowed  fields. 
On  several  farms,  certain  groves,  considered  as   permanent,  were 
maintained  largely  for  the  production  of  maple  sugar  or  syrup, 
hence  the  occurrence  of  a  "Sugar"  enterprise.     Under  "Orchard" 
are  included  only  fruit   orchards  largely  commercial   in    nature. 
"Woodland"  comprises  not  only  natural  tracts  but  those  planted  for 
the  production  of  wood,  posts,  etc.     The   value  given  for  the  bare 
land  represents  as  accurately  as  possible  the   value  after  all  im- 
provements are  removed. 

An  examination  of  Table  II  shows  that  the  mean  acre  valua- 
tion for  21  farms  is  $45.96.  On  farm  No.  1  the  acre  valuation, 
of  bare  land  is  $61.62.  On  farm  No.  2  it  is  $19.53.  These  farms 
are  both  in  the  northeastern  part  of  the  State  and  are  both  dairy 
farms.  No.  1  is  a  mile  and  a  half  from  town  on  a  stone  pike,  while 
No.  2  is  five  miles  out  on  a  dirt  road.  Part  of  the  woodland  in  No.  1, 
but  no  distinct  area,  produces  maple  syrup  in  commercial  quantities 
Farm  No.  4,  with  an  acre  valuation  of  $31.15,  and  farms  Nos.  8,  9, 
and  10,  with  respective  acre  valuations  of  $87.74,  $65.99,  and  $71.00, 
are  all  level  farms.  No.  4  needs  considerable  drainage.  Nos.  8,  9, 
and  10  are  well  equipped  with  tile  drains.    Also  Nos.  8  and  10  show 
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a  hig-h  percentagfe  of  land  in  crops,  i.  e.,  74  percent  and  84.2  percent 
respectively,  as  against  a    mean     ot    52.8    percent    for    the    whole 
21  farms.     No.  25,  with  91.9  percent  of  land  in  tilled-  crops  and 
situated  within  a  stone's  throw  from  aninterurban  railway,  shows  a 
bare  land  valuation  of  $40.10  per  acre.     This  farm,  however,  lacks 
tile  drainage    and    is    over-equipped  with  buildings  as   compared 
with  other  farms.     (See  Table  HI  for  data  on  Building  Equipment.) 
No.  3,  with  an  acre  valuation  of  $41.44,  has    also    a    very    expensive 
building  equipment,  and  even  when  this  equipment  is   placed  at  a 
very  low  figure  compared  with  its  cost,   it  leaves  a  low  figure  for 
bare  land.     No.  14,  although  the  largest  farm  of  all,  with  a  total  of 
388.92  acres,  has  but  50.7  percent  of   the   land  in   crops,   the  mean 
being    52.8    percent.        It    contains,    however,    a    large     acreage 
of  productive  bottom  land,  has  a  low  building  investment  per  acre, 
and  has  good  roads  to  a  shipping  point,  which  gives  the  bare  land  an 
acre  valuation  of  $60.00,  as  compared   with   the  mean    average   of 
$45.96  for  the  21  farms.     Farms  Nos.  20,  21,  22,  and  23,    with     bare 
land  valuations  of  $43.97,  $22.26,  $25.55,  and  $29.59,  respectiveljr,  are 
all  located  in  the  hill  section  (southeastern  part)  of  the  state.    No  20, 
with  a  valuation  of  $43.97,   shows  an  unusually  low  area  in  waste 
and  timber  land  for  a  hill  farm  and  is    connected    with    town    by    6 
miles  of  pike  road.     No.  23,   with  a  valuation   of  $29.59,  and    with 
nearly  the  same  size,   distribution   of  acreage,    and   distance    from 
railway  station,  is  separated  by  3  miles  of  hilly  dirt  road  from   the 
pike  leading  to  town.     No.  21,   with  a  valuation  of  $22.26,  has  con- 
siderable waste  and  timber  land,  and  No.  22,    with    a    valuation    of 
$25.55.  has  been  wisely  kept  in  pasture  for  the  greater  part,  though 
a  greater  area  in  crops  would  have    made   it    more    attractive    to    a 
buyer.    Nos.  12  to  17  inclusive  ranging  in  bare  land  value  from  $43.90 
on  farm  No.  15,  to  $64.89  on  farm    No.  17,  are  located  in  the  large 
farm  area  of  central  and  southwestern  Ohio.    Only  one  of  this  group 
falls  below  the  average  bare  land  valuation  of  $45.96.      These  farms 
are  well  equipped  with  buildings  and  are   quite  easily  reached  by 
pike  roads  from  good  towns.     Most  of  them  show  a  higher   percent- 
age of  crop  land  than  the  mean  of  the  whole  number  and  are  in  a 
high  state  of  productivity.     No.  24,   with  a   bare  land  valuation  of 
$19.61,  is  located  in  a  rougher  section  in   southern  Ohio,   is  under- 
equipped  in  buildings   and    is    conservatively    valued    rather    than 
otherwise. 

From  these  examples  the  land  values,  due  to  good  roads,  good 
drainage,  high  crop  areas,  good  topography,  and  adequate  improve- 
ments can  be  plainly  seen. 
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PERMANENT  IMPROVEMENTS 

The  appraisement  of  the  real  value  of  permanent  improvements 
in  this  study  was  extremely  difficult  and  must  be  accepted  with  due 
allowances.      Wherever  practicable,    the   basis    for    fixing    values 
should  be  that  expressed  in  the  following  question:      '*What   is  the 
value  of  this  item  as  a  part  of  the  equipment  of  this   farm,   remem- 
bering that  the  sum  of  these  values  must  equal  the  value   set   upon 
the  farm  as  a  whole?"     Land  values  have  increased  in   nearly  every 
section,  not  through  improvement  of  the  land  by   farming,   unfor- 
tunately, but  through  an  advance  in  land  as   a    raw  material.       We 
have  no  means  of  determining  the  present  producing  power  of  a 
given  farm  as  compared  with  that  at  the  outset,  nor  what  its  rate  of 
appreciation  or  depreciation  has  been  in  this  respect.      It  seems 
well  established  that  where  systematic  steps  have  not  been  taken  to 
prevent  it,  or  to  repair  damage,  there  has  been  a  steady  depreciation 
in  the  productiveness  of  any  given  farm.     The  buildings  and  other 
improvements  on  such  a  farm  may  clearly  have  undergone  a  process 
of  deterioration,  yet  the  sale  value  of  the  farm  may   have  been  en- 
hanced, not  only  by  the  rise  in  land  value  but  by  the  increase  in 
value  of  the  raw   materials  from  which   improvements    are    con- 
structed.    Well  planned  improvements  may  add  value  to  the  farm 
above  their  cost  of  installation,  and  others  may  immediately  repre- 
sent the  loss  of  a  large  part  of  their  cost  if  measured  by  their  effect 
on  the  farm  value.     Each  farm,  therefore,  was  studied  as  an  indi- 
vidual problem,  and  is  most  interesting  when  considered   in  that 
light. 

DRAINAGE 

Tile  drains  are  so  intimately  associated  with  the  land  that  it 
may  be  impracticable  to  consider  them  separately.  With  the 
possible  exception  of  cost  of  water  supply,  the  outlay  in  tile  drainage 
is  the  only  one  which  can  be  depended  upon  to  add  its  face  value  or 
more  to  the  value  of  the  bare  land  and  continue  to  do  so  indefinitely. 
The  drains  occasionally  become  clogged  and  require  cleaning  but  in 
this  study  they  have  been  appraised  at  the  full  cost  of  installation. 
To  attempt  to  appraise  them  accurately  on  the  basis  of  their  eflfect 
[)n  the  farm  value  would  be  impossible  from  the  information  at  hand. 
No  valuation  has  been  placed  on  natural  drainage  channels  con- 
sidered aside  from  the  land.  The  investment  in  artificial  drainage 
systems  has  been  attributed  directly  to  the  portions  of  the  farm 
Irained. 

WATER  SUPPLY 

On  many  Ohio  farms  there  are  natural  sources  of  water  supply 
^hichy  like  natural  drainage,  can  scarcely  be  valued  apart  from  the 
and-  Their  value  may  not  equal  their  cost,  as  in  the  case  of 
streams  which  permanently  render  a  considerable  area  unavailable 
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for  cropping:,  or  which  subject  fields  and  fences  to  damage  from 
high  water.  On  the  other  hand,  the  value  of  a  continuous  supply 
of  pure  water  in  a  convenient  place,  without  expense  or  labor,  can- 
not be  estimated  by  comparing  it  with  the  cost  of  installing  ar- 
tificial water  systems.  The  latter  may  represent  several  failures 
before  a  satisfactory  supply  is  obtained,  and  will  surely  represent  a 
continual  expense  for  labor  and  maintenance.  In  distributing  the 
investment  for  the  purposes  of  this  study,  only  the  cost  of  installing 
the  water  system  has  been  considered,  less  a  fair  amount  for  de- 
preciation of  pumps,  tanks,  windmills,  etc.  This  total  investment 
in  water  system  has  been  divided  as  accurately  as  possible  among 
the  various  enterprises  on  the  basis  of  use.  This  naturally  places 
the  heaviest  charges  on  the  household  and-  those  classes  of  livestock 
which  do  not  have  access  to  natural  sources  in  the  fields. 

PBNCBS 

Fences  well  planned  and  constructed  undoubtedly  add  at  first 
more  than  their  cost  to  the  value  of  farms,  yet  if  not  well  located 
they  may  prove  a  handicap  to  the  most  profitable  cropping  systems. 
They  are  subject  to  quite  rapid  deterioration,  involving  considerable 
attention  and  expense, hence  over-equipment  in  fences  may  tend  to 
reduce  land  values. 

Certain  phases  of  the  fence  question  were  studied  in  detail  and 
will  be  discussed  later,  but  in  ascertaining  the  investment  in  fences 
the  first  cost  and  the  condition  at  the  date  of  inventory  were  the 
only  points  considered.  The  cost  of  construction  was  diflBcult  to 
obtain,  owing  to  the  fact  that  practically  all  fences  are  built  by  farm 
labor,  and  standard  costs  per  rod  have  not  been  established  as  has 
been  done,  for  instance,  for  the  digging  of  ditches  for  tile  drains, 
which  is  often  paid  for  on  a  unit  basis.  The  price  of  posts  varies 
widely  in  different  localities  and  has  generally  advanced  since 
the  building  of  the  older  fences. 

The  value  of  fences,  therefore,  was  based  largely  on  the  cost 
of  replacing  them,  less  a  fair  percentage  for  depreciation.  Worm 
rail  fences  constitute  a  large  proportion  of  the  total  on  many  Ohio 
farms.  When  built,  the  value  of  the  material  was  practically  dis- 
regarded. Labor  costs  were  very  low  as  compared  with  the  present 
rates.  It  would  be  impossible  to  replace  these  fences  except  at  a 
prohibitive  cost,  yet  in  real  value  to  the  farm  they  are  no  higher  than 
modern  fences.  Many  are  in  an  excellent  state  of  preservation,  yet 
occupy  enough  additional  ground  to  offset  any  advantages  they  may 
have  over  wire  fences.  As  an  expedient  they  have  been  valued  at  a 
figure  approximating  the  labor  cost  of  building.  All  fences  were 
charged  to  ''General  farm",  only  the  farm's  share  of  division  fences 
being  included,  of  course. 
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BUILDINGS 

any  buildings  found  on  the  farms  studied  are  from  40  to  75 
old  and  of  a  type  of  construction  not  commonly  used  at  present 
ime  being"  composed  of  large,  hewn  timbers.  Much  of  the 
material  has  been  cut  and  sawed  on  the  farm,  the  value  of  the 
r  at  the  time  being  very  low  as  compared  with  present  prices. 
t  buildings,  as  a  rule,  are  still  in  such  condition  as  to  be  cap- 
f  long*  service  without  excessive  repairs.  The  first  cost  of 
ial  and  labor  was  low,  yet  on  the  present  basis  it  would 
lost  out  of  the  question  to  duplicate  the  buildings. 
:  follows,  then,  that  neither  the  cost  of  the  buildings  nor  the 
f  replacing  these  structures  can  be  relied  upon  absolutely  in 
ising  their  value.  As  previously  stated,  the  cost  of  the  more 
rn  buildings  is  not  a  true  indication  of  their  value  to  the  farm, 
isurance  figures  are  quite  largely  based  on  their  condition  and 
ost  of  replacing  them.  A  comparison  of  the  sale  values  of  land 
►ut  buildings  and  land  with  buildings,  all  in  the  same  neighbor- 
and  of  equal  productiveness,  shows  that  the  difference  in  favor 
t  latter  is  almost  without  exception  greatly  insufficient  to  equip 
nimproved  land  without  buildings  with  those  structures  which 
bsolutely  necessary  to  the  conduct  of  an  independent  farming 
•prise.  The  real  value  of  farm  buildings  as  a  part  of  the  total 
»tment  is,  therefore,  very  difficult  to  ascertain,  and  depends 
tly  upon  the  point  of  view. 

[n  this  study  the  building  values  are  a  compromise  between  the 
of  equipping  the  farm  with  similar  structures,  less  a  proper 
int  for  depreciation,  and  the  sale  value  of  the  buildings  as  sug- 
ed  by  comparing  the  values  of  land  with  and  without  buildings, 
value  shown  for  the  bare  land,  therefore,  is  reduced  somewhat  by 
method,  possibly  to  as  great  an  extent  as  it  was  elevated  by  the 
lod  of  appraising  the  fence,  drainage  and  water  supply  systems. 
It  can  safely  be  said  that  buildings  represent  not  only  the  most 
msive  class  of  farm  equipment,  but  the  least  negotiable. 
ving  out  household  buildings,  the  remainder  on  the  farms 
lied  shows  a  much  greater  variation  in  investment  per  acre  than 
other  class  of  equipment  and  greater  variation  in  percentage  of 
total  investment  than  land,  water  supply,  livestock  or  machinery, 
icesand  artificial  drainage  and  water  systems  may  often  be 
sensed  with  wholly  or  to  a  great  extent,  hence  are  scarcely 
iparable  with  land,  buildings,  livestock  and  machinery  as  regards 
relative  investment. 

One  of  the  most  important  phases  of  a  study  of  farm  equipment 
hatof  determining  the  relation  that  should  exist  between  build- 
sand  the  farm  enterprises,  in  order  to  reduce  the  wide  variation 
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in  investment  per  acre  in  buildings  designed  for  the  same  purposes. 
Prior  to  a  study  of  the  cost  and  construction  of  buildings,  there 
should  be  established  standard  space  units,  to  be  used  in  determin- 
ing the  actual  building  requirements  of  the  farm  for  the  storage  of 
products  and  machinery,  the  housing  cf  livestock  and  the  trans- 
action of  the  farm  afiFairs.  In  this  study,  buildings  were  investi- 
gated from  that  standpoint,  but  insufficient  data  were  secured  to 
allow  of  generalizations. 

For  purposes  outside  of  this  study  it  became  desirable  to  make 
a  division  of  building  investment  by  enterprises.  As  the  floor  and 
cubic  space  devoted  to  each  enterprise  had  been  calculated  for  the 
various  buildings;  a  division  on  the  basis  of  cubic  space  was  worked 
out,  and  is  presented  later  in  tables  and  discussions. 

It  will  be  at  once  apparent  that  a  division  of  space  on  the  basis 
of  cubic  feet  devoted  to  various  enterprises  in  barns,  for  instance, 
is  open  to  serious  criticism.  This  subjects  such  products  as  hay, 
straw,  etc.,  stored  in  mows,  to  greater  building  charges  than  horses 
and  cattle,  for  which  greater  expense  is  incurred  in  constructing 
stalls,  mangers,  floors,  etc.  In  order  to  correct  this  error,  additional 
study  of  the  cost  of  construction  of  the  various  portions  of  the 
buildings  would  be  necessary,  and  the  need  for  this  did  not  occur  in 
time  to  include  it  in  the  scope  of  this  study. 

Factors  for  the  relative  cost  of  various  portions  of  farm  buildings 
of  ordinary  construction  could  no  doubt  be  worked  out,  by  means  of 
which  the  cubic  space  devoted  to  any  enterprise  could  be  made  the 
basis  for  an  equitable  division  of  the  total  value.  Some  method  is 
desirable,  as  it  is  incorrect  to  charge  livestock  enterprises  with  the 
investment  in  portions  of  the  buildings  devoted  to  other  enterprises. 
Animals  may  be  fed  grain  in  the  barn  for  a  short  time  each  day 
and  pastured  outside,  while  both  hay  and  grain  may  be  stored  in 
the  barn  continuously  for  market.  A  storage  charge,  in  the  latter 
case,  should  unquestionably  be  added  to  the  cost  of  production.  It 
is  only  logical  to  base  the  unit  charge  on  the  amount  of  the  com- 
modities stored,  taken  in  connection  with  the  total  annual  cost  of  that 
part  of  the  building  designed  exclusively  for  storing  products.  A 
unit  storage  charge  based  on  cubic  space  would  place  on  the  proper 
classes  of  livestock  the  burden  of  the  large  amount  of  storage  space 
required  for  roughage.  A  division  of  the  entire  building  charge  on 
the  basis  of  the  number  of  1,000  pound-shead  of  stock  sheltered,  or 
on  the  floor  space  occupied,  might  be  unjust  to  the  hog  enterprise, 
for  which  a  comparatively  small  space  is  required  for  storage  of 
feed.  A  tool  room,  workshop,  driveway,  or  other  space  may  be 
used  for  storing   tools,   wagons  and  machinery,   for  storing   and 
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preparing  seed,  and  for  other  purposes  which  are  obviously  not 
associated  with  livestock  enterprises.  Conceding  the  partial  in- 
accuracy of  a  division  of  building  values  on  the  basis  Of  cubic  space 
occupied,  it  is  contended  that  even  this  method  results  in  a  distri- 
bution of  building  charge  more  nearly  correct  than  one  based  on 
the  number,  size  or  value  of  livestock  alone.  Considering  the  im- 
portance of  the  building  equipment,  it  is  unfortunate  that  so  little 
investigation  has  been  conducted  with  a  view  to  discovering  the 
fundamental  principles  involved  in  the  economical  planning  of  farm 
buildings. 

PERSONAL  PROPERTY 

All  personal  property  has  been  valued  with  due  consideration  for 
both  exchange  value  and  value  in  use.  Marketable  livestock  and 
products  were  invoiced  at  the  prevailing  prices.  Work  animals  and 
machinery,  however,  have  a  value  to  the  farmer  not  necessarily  the 
same  as  that  which  would  prevail  either  in  public  or  private  sales. 
This  fact  has  been  taken  into  consideration,  hence  the  values  pre- 
sented for  the  workhorses,  mules  and  machinery  are  usually  higher 
than  sale  values.  The  sale  values  could,  at  best,  have  been  approxi- 
mated. All  products  of  the  farm,  all  feed,  seed,  building  material, 
fuel  and  supplies  of  any  kind  held  in  storage  for  sale  or  for  the  use 
of  the  farm  (not  household)  business,  were  inventoried  at  actual 
values  so  far  as  they  could  be  determined. 

Table  III  shows  the  total  investment  in  different  classes  of 
equipment  for  the  various  farms,  distributed  as  explained  in  the 
preceding  pages.  The  area,  342  acres,  given  for  Farm  No.  S,  was 
not  verified  by  the  surveyor  from  the  Ohio  Agricultural  Experiment 
Station.  The  proprietor  of  Farm  No.  11  could  not  give  the  extent 
nor  value  of  the  tile  drains;  hence  this  value  is  included  in  that  of 
the  land.  A  very  slight  quantity  of  tile  is  included  in  the  land  value 
for  farm  No.  16.  The  total  investment  is  shown  for  the  different 
farms  to  vary  from  $35.21  to  $166.30  per  acre  and  this  is  brought  out 
even  more  clearly  by  Table  IV,  which  reduces  all  the  investment 
to  the  acre  basis.  The  variation  in  total  value  of  household  buildings 
($310  to  $6,110)  is  interesting  from  the  fact  that  the  investment  in 
this  direction  is  usually  not  based  on  the  absolute  needs  of  the  farm. 
The  variation  in  the  amount  of  produce  and  supplies  on  hand  ($10.10 
to  $1,942.15)  is  due  partially  to  the  fact  that  the  work  of  taking 
the  inventories  lasted  over  a  period  of  six  weeks,  during  which  time 
of  course,  the  consumption  of  feed  continued.  For  comparable  data, 
all  inventories,  particularly  of  supplies,  should  be  taken  on  the  same 
date.  In  this  study,  except  as  affecting  the  percentages  of  the  total 
investment  shown  later,  the  amount  of  supplies  on  hand  is  un- 
important. 
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t  IV  shows  the  acre  investment  in  the  various  classes  of 
t  for  30  farms.  With  the  exception  of  Nos.  S  and  11,  all 
to  and.  including:  No.  23  have  also  been  included  in  tables 
the  division  of  investment  by  enterprises,  hence  they  are 
1  in  this  table  from  those  which  are  less  complete.  Nos.  5, 
d  30  had  not  been  surveyed  by  the  Station  surveyor  up  to 
these  data  were  compiled,  hence  the  acreag-es  are  only  ap- 
te.  In  several  cases,  the  value  of  improvements  was  not 
d  from  that  of  the  land  for  want  of  sufficient  information. 
land  value  in  these  cases  includes  all  permanent  improve; 
ot  otherwise  shown.  These  incomplete  data  are  presented 
parison  with  the  mean  and  averag^e  of  the  21  farms.  While 
L  for  Nos.  24  and  25  were  complete,  they  were  excluded  from 
imary  as  not  representative,  the  former  because  of  the  ex- 
r  low  investment  and  the  latter  because  of  the  low  acreage. 
:lose  study  of  the  table  will  reveal  striking  differences  in  the 
aent  per  acre  for  different  purposes.  As  a  basis  for  com- 
the  individual  farms,  the  mean  and  the  average  of  data  from 
QS  are  both  included.  -The  mean  is  obtained  by  adding  to- 
the  averag:e  figures  per  acre  for  the  different  farms  and 
ig  by  21,  while  the  average  is  secured  by  taking  the  total  in- 
ent  for  all  the  farms  and  dividing  by  the  total  acreage  of  all 
rms.  The  mean,  then,  is  an  average  having  the  farm  as  a 
ivhile  the  average  regards  the  acre  as  the  unit.  These  two 
:  vary  widely,  and  the  fact  that  they  do  not  adds  to  the  value  of 
.ble.  In  this  study  of  farms,  the  mean  is  regarded  as  the  more 
istive,  since  it  takes  into  account  the  effect  of  the  size  of  the 
upon  the  acre  investment. 

The  range  in  investment  per  acre  farm  in  buildings  is  seen  to 
om  67  cents  on  farm  No.  24,  where  a  very  old  barn  and  several 
lly  old  sheds,  etc.,  constituted  the  building  equipment,  to 
:5  for  farm  No.  25,  where  the  value  of  a  small  barn  and  poultry 
e  is  divided  by  a  small  acreage.  The  investment  varies  with 
:ondition  and  number  of  buildings,  but  the  number  and  cost  do 
^ary  with  the  acreage. 

Farms  Nos.  13  to  17  are  similar  in  character  and  location,  yet 
building  equipment  on  farm  No.  13  is  $11.35  per  acre,  while  on 
J.  14  to  17,  inclusive,  the  valuation  does  not  reach  $5  per  acre  on 
farm.  This  is  due  to  the  fact  that  Farm  No.  13  is  really  corn- 
ed of  three  farms  formerly  separate.  On  the  other  hand,  farms 
s.  3,  5, 12, 18, 19,  and  28,  ranging  in  size  from  103  to  342  acres, 
)w  an  investment  in  farm  buildings  of  $15.78  to  $26.85  per  acre, 
iile  Nos.  7,  8, 10,  and  30,  varying  in  size  from  49.61  to  100  acres, 
ve  an  investment  in  farm  buildings  of  but  $6.33  to  $12.70  per  acre. 
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In  household  buildings  there  is  a  variation  of  from  $4.07  to  $46.09 
pet*  acre.  Taking*  the  21  farms  as  a  whole,  there  is  practically  the 
same  investment  in  farm  and  household  buildings,  viz.,  $10.59  and 
$10.16  respectively,  but  among  the  30  farms  there  are  vride  extremes 
represented.  Farms  Nos.  4,  12,  18,  19,  20,  and  28  show  from  two 
to  three  times  as  great  an  acre  investment  ($12.07  to  $24.40)  in  farm 
buildings  as  in  household  building  ($6.20  to  $11.40)  while  on  Farms 
Nos.  8,  21,  23,  24,  29,  ^ind  30  the  investment  in  household  buildings 
($5.39  to  $31.64)  is  from  two  to  five  times  as  great  as  in  farm 
buildings($3.16  to  $12.70  per  acre). 

No  particular  need  is  apparent  for  such  a  wide  variation  in 
practice,  and  on  a  number  of  the  most  successful  farms  the  in- 
vestment in  household  and  farm  buildings  is  about  equal.  On  Farm 
No.  24  with  a  farm  building  investment  of  $0.67  per  acre  and  house- 
hold building  investment  of  $5.39  per  acre,  a  new  barn  was  to  be 
erected  within  a  year  or  two  which  would  bring  about  nearly  the 
same  relative  condition  as  exists  on  Farm  No.  18,  on  which  a  $3,000 
barn  had  just  been  completed  and  on  which  the  farm  and  household 
building  investments  were  $15.78  and  $8.86  per  acre  respectively. 
The  owner  of  Farm  No.  30  moved  from  the  city  only  a  few  years  ago 
and  invested  the  greater  part  of  his  ready  capital  in  remodeling  the 
dwelling.  His  percentage  of  total  investment  represented  by  the 
household  building  is  much  higher  than  that  of  any  other  farm 
except  the  small  truck  and  poultry  farm.  No.  25,  and  even  slightly 
exceeds  the  figure  for  that  one.  He  spoke  of  the  lack  of  certain 
essential  machinery  which  was  directly  due  to  the  excessive  outlay 
in  household  buildings  and  conveniences. 

New  buildings  for  either  household  or  farm  use  tend  of  course 
to  vary  the  relation,  as  does  also  the  presence  of  tenant  houses, 
which  are  classed  with  household  buildings,  yet  the  few  farms 
studied  would  indicate  that  the  investment  in  buildings  for  both  pur- 
poses should  be  approximately  equal  for  farms  of  the  general^  class. 

A  large  part  of  Farm  No.  9,  with  an  investment  for  fencing  of 
only  64  cents  per  acre,  is  unfenced,  and  on  several  others  a  large 
extent  of  rail  fence  accounts  for  a  low  investment  per  acre.  At- 
tention is  called  to  Farms  Nos.  7  and  8  with  fencing  investments  of 
$4.50  and  $5.08  per  acre  respectively,  on  which  the  proportion  of 
road  fence  is  particularly  large.  No.  13  has  considerable  road  fence, 
but  the  high  investment  ($5.69  per  acre)  is  largely  due  to  the  recent 
construction  of  woven  wire  fences  and  the  generally  good  condition 
of  those  previously  installed. 

The  acre  investment  in  tile  drainage  and  water  supply  depends 
largely  upon  the  natural  advantages  of  the  farm.  The  extremes 
are,  for  drainage,  28  cents  on  Farm  No.  4,  and    $17.70  on  Farm 
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No.  10,  the  averagre  being*  $2.21.  The  extremes  for  water  supply 
are  37  cents  on  Farm  No.  2,  and  $3.17  on  Farm  No.  8,  with  average 
of  $1.04  for  the  21  farms.  Farms  Nos.  8  and  10  have  a  hig-h  in- 
vestment in  all  improvements  and  are  the  two  highest  in  the  amount 
invested  in  tile  drainage,  $13.98  and  $17.70  per  acre  respectively,  yet 
they  show  the  highest  bare  land  values,  $87.74  and  $71.00  per  acre 
respectively.  Both  are  connected  with  town  by  good  stone  roads, 
but  the  thorough  drainage  undoubtedly  is  a  large  factor  in  main- 
taining the  value  of  the  land. 

The  small  acreage  of  Farms  Nos.  7  and  25,  49.61  and  10.85 
respectively,  make  the  acre  investment  in  water  systems  large,  even 
though  the  systems  are  not  extensive.  Farms.  Nos.  8,  21,  and  23 
with  an  acre  valuation  for  water  supply  of  $3.17,  $2.40  and  $1.60 
respectively,  have  more  or  less  extensive  water  conveniences  in  the 
dwellings.  Nos.  21  and  23  with  investments  of  $2.40  and  $1.60  per 
acre  respectively  for  water,  are  to  be  contrasted  with  Nos.  18,  19, 
20,  and  22  with  the  respective  valuations  of  72  cents,  68  cents,  27 
cents,  and  44  cents,  which  are  also  in  what  is  known  as  the  hill 
section,  hence  able  to  easily  obtain  water  from  springs,  but  have  not 
extended  the  water  conveniences  to  the  dwellings.  Gasoline  engines 
used  only  for  pumping  add  to  the  investment  on  Farms  Nos.  10,  12, 
and  13  with  the  acre  valuation  for  water  supply  of  $3.00,  $1.75,  and 
$1.77  per  acre  respectively. 

The  livestock  inventory,  like  that  of  produce,  supplies,  etc., 
should  be  taken  on  the  same  date  for  all  farms  in  order  to  be  com- 
parable. This  is  brought  out  strikingly  by  the  case  of  Farm  No.  12. 
The  inventory  in  1908  showed  $1,700  worth  of  steers  on  hand,  or 
nearly  $11  per  acre  for  this  class  of  stock  alone.  Several  days 
previous  to  the  1909  inventory,  39  head  were  sold,  hence  this  farm, 
which  is  usually  heavily  stocked  with  cattle,  shows  a  lower  acre 
investment  ($16.02)  than  its  average  for  the  year.  The  inventory  of 
livestock,  even  if  taken  on  the  same  date  each  year  for  all  farms 
would  not  show  the  average  investment  accurately,  as  on  some 
farms  feeding  stock  are  purchased,  fed  and  marketed  between 
succeeding  dates  of  inventory.  This  would  entail  the  investment 
of  a  considerable  amount  of  capital  for  the  greater  part  of  the  year 
which  would  not  be  apparent  in  a  study  of  inventories.  The  study 
of  investment  in  live  stock  can  best  be  made  in  connection  with 
Table  VIII,  which  shows  the  relative  importance  of  the  varioas 
livestock  enterprises. 

With  the  exception  of  Farm  No.  22  (acre  valuation  $2.22)  for 
which  much  of  the  machinery  was  borrowed,  No.  24  (acre  valuation 
$1.17),  for  which  it  was  generally  bought  second  hand,  and  Nos.  T 
and  25,  with  valuation  of  $12.70  and  14.39,  which  are  low  in  acreage. 
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the  acre  investment  in  machinery,  wagons,  harness,  tools,  etc., 
ranges  within  comparatively  narrow  limits,  this  being"  from  $2.87  on 
Farm  No.  13  to  $7.56  on  Farm  No.  28.  With  the  exception  of  Nos. 
22,  24,  25,  and  28  the  total  machinery  investment  per  farm  is  seen  by' 
reference  to  Table  III  to  vary  only  about  136  per  cent,  as  compared 
for  instance,  to  1,275  percent  for  the  total  value  of  farm  buildings 
and  835  percent  for  household  buildings.  Two  large  farms,  Nos.  5 
and  14,  containing  342  and  388.92  acres  respectively,  show  low  acre 
investments  in  machinery,  i.  e.,  $3.14  and  $2.87  respectively,  while 
the  largest  Farm  No.  28,  containing  504  acres,  ranks  among  the 
highest,  showing  an  acre  investment  of  $7.56  and  indicating  over- 
equipment. 


TABLE  V.  TOTAL  ANP  PERCENTAQB  OP  TOTAL  INVESTMENT  IN  REAL  AND 

PERSONAL  PROPERTY  FOR  EACH  OF  30  OHIO  FARMS.  WITH  THE 

MEAN  AND  AVERAGE  FOR  21  OF  THESE  FARMS 


Real  Estate 

Personal  property 

Total 

FarmNa 

Acres 

investment 

iHsr  acre 

Total 

Percent 

Total 

Percent 

1 

116.20 

$86.28 

82.30 

$18  50 

17.70 

$104.81 

2 

164.11 

32.91 

65.90 

17.03 

oj     in 

49.94 

3 

104.25 

100  00 

79.40 

25  90 

125.90 

4 

108.34 

55.38 

71.80 

21.67 

77.05 

6 

143.32 

41.88 

65.70 

22.16 

64.04 

7 

49  61 

55  44 

61.50 

34.70 

90.14 

8 

78  W 

146.57 

88  10 

19  73 

166.30 

9 

147.67 

91.76 

76.20 

nn    eo 

124.32 

10 

100.00 

125.00 

83.70 

149.17 

12 

156.«7 

101.93 

80.20 

127.15 

13 

198.25 

83.17 

77  40 

107.43 

14 

388.92 

72.09 

81.10 

88.87 

15 

219.82 

57.05 

79.40 

71.90 

16 

172.52 

59.12 

80.30 

73.58 

17 

275.99 

85  00 

83.30 

102.21 

18 

207.83 

85.03 

81.60 

104.14 

19 

'  103.81 

80.22 

66.40 

120.78 

20 

185.25 

66.07 

74.20 

Ci«>.<7U 

MF     «»« 

89.05 

21 

228.62 

38.43 

77  50 

11.13 

22.50 

49.56 

22 

156.00 

44.75 

78.50 

12.26 

21.50 

57.01 

23 

177.27 

47.38 

72.00 

18.40 

28.00 

65.78 

Mean  of  21  famiB 

165.88 

74.22 

77.60 

21.45 

22.40 

95.67 

A  veraire  of  21  farms 

165.88 

72.10 

78.14 

18  88 

21.86 

90.98 

State  average  (Censa 

8  1900)88.50 

42.33 

86.50 

6.63 

13.50 

48.96 

5 

342.00 

78.01 

80.30 

19.17 

19.70 

97.18 

11 

186.71 

100.00 

77.40 

29.24 

22  60 

129.24 

26 

156.86 

65.00 

82  90 

13.42 

17.10 

78.42 

27 

180.00 

90.00 

83.30 

18  00 

1670 

108.00 

501.00 

93.66 

72.00 

36.41 

28.00 

130.07 

29 

156.00 

100.00 

83.00 

20.51 

17.00 

120.51 

24 

148.38 

27.48 

78.00 

7.73 

22.00 

35.21 

25 

10.85 

124.43 

77.00 

37.27 

23  00 

161.70 

30 

79.00 

88.61 

80.00 

22.17 

20.00 

110.78 

The  total  and  percentage  of  investment  per  acre  in  real  and 
personal  property  is  given  in  Table  V,  together  with  the  mean  and 
average  for  the  21  farms.  The  odd  cents  shown  in  the  values  of  the 
real  estate  are  due  to  the  fractional  parts  of  an  acre  in  the  farm 
areas,  these  usually  being  disregarded  by  the  farm  owners.  The 
land  with  improvements  is  seen  to  range  from  $27.48  to  $146.57  per 
acre,  though  nearly  all  farms  are  valued  considerably  higher  than 
the  State  average  as  shown  by  the   twelfth  census,  viz..  $42.33  per 
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acre.  The  amount  of  personal  property  per  acre,  $7.73  to  $40.65,  is 
higher  than  the  State  average,  $6.63,  in  every  case.  It  is  to  be  re- 
membered, however,  that  for  comparison  the  value  of  produce,  etc, 
is  to  be  deducted  from  that  of  the  personal  property  shown,  the 
census  values  including  only  livestock  and  machinery.  Excluding 
produce,  etc.,  the  average  of  the  21  farms  shows  81.4  percent  of  the 
total  farm  value  in  real  estate,  and  18.6  percent  in  personal  property 
as  compared  with  86.S  percent  andl3.5  percent,  respectively,  for  the 
State.  The  greater  value  of  personal  property  on  these  farms 
argues  the  correctness  of  the  statement  previously  made  that  the 
farms  under  considerc^tion  are  more  successful  than  the  average. 

Including  produce,  etc.,  a  mean  of  the  30  farms  shows  77.34 
percent  of  the  total  inventory  value  to  be  due  to  land  and  improT^ 
•  ments.  The  mean  of  the  21  shows  77.6  percent  in  real  estate  and 
the  average,  78.14  percent.  Seventeen  out  of  30  farms  range  b^ 
tween  77  percent  and  83  percent  in  real  estate,  these  having  a  mean 
of  79.8  percent.  These  figures  should  serve  as  an  indication  of 
approximately  the  proper  division  of  equipment  capital  on  fanns  of 
this  class,  the  cash  and  other  assets,  of  course,  not  being  considered 
in  this  study. 

The  percentage  of  the  total  investment  represented  by  each 
class  of  equipment  is  given  in  Table  VI.  The  uniformity  in  the 
percentage  of  value  in  land  on  Farms  Nos.  14  to  17,  viz.,  67.52, 
61.10,  62.46,  and  63.49,  respectively,  and  Nos.  20  to  23,  viz.,  49.36, 
44.90,  44.80,  and  45.00,  respectively,  is  interesting.  The  former 
are  large  level  farms  in  the  southwestern  quarter  of  the  state  and 
the  latter  are  large  hill  farms  in  the  southeastern  quarter.  The 
influence  of  size  of  farm  is  to  be  seen  in  Farms  Nos.  7  and  25,  and  of 
large  building  equipment  on  several  others  already  noted. 

The  average  land  value  for  the  state  should  be  compared  with 
the  total  for  land  and  all  improvements  except  buildings  on  the  21 
farms.  The  mean  of  the  21  farms  shows  55.9  percent  and  the 
average  57.9  percent  in  land,  fences,  drainage,  and  water  supply  as 
compared  to  68.1  percent  for  the  State.  The  mean  shows  21.7 
percent  and  the  average  20.2  percent  in  all  buildings  as  against  18.4 
percent  for  the  State.  Both  percentages  for  the  State  would  be 
lowered  if  produce,  etc.,  had  been  included  in  the  census.  The 
percentage  invested  in  fences  varies  even  more  widely  than  the  acre 
investment,  while  the  percentages  in  drainage  and  water  supply 
usually  vary  with  the  natural  features  of  the  farm.  Farms  Nos.  S, 
8,  10,  and  12  with  percentages  of  8.41,  8.39,  11.87,  and  9.18  respec- 
tively in  drainage,  have  been  tile  drained  over  the  greater  part  of 
their  areas.  A  large  part  of  the  investment  in  water  supply  oa 
Farm  No.  21  is  chargeable  to  household. 
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The  percentagfe  invested  in  livestock  is  within  the  limits  of  10 
and  20  percent,  except  in  a  very  few  cases.  On  Farm  No.  8,  with  a 
livestock  investment  of  S  percent,  there  are  a  low  acre  investment  in 
livestock  ($8.31  as  agfainst  an  average  of  $11.40)  and  a  high  land 
value  ($87.74  as  against  an  average  of  $46.25)  to  explain  the  low  per- 
centage. The  farm  is  owned  by  a  man  who  has  limited  his  farm- 
ing operations  with  advancing  age.  The  percentages  invested  in 
livestock  and  machinery  as  shown  by  the  inventories  are  lower  than 
they  would  be  on  a  basis  strictly  comparable  with  the  State  average, 
as  the  4  or  more  percent  in  produce,  etc.,  is  included  in  this  study 
and  not  in  the  census  data.  The  average  percentages  for  the  21 
farms,  with  the  last  item  omitted,  would  be  as  follows:  Land  and 
all  improvements  except  buildings,  60.4;  buildings,  21.1;  livestock, 
13.1;  machinery,  5.4.  The  values  placed  on  livestock  and  machinery 
were  probably  on  a  higher  basis  in  these  inventories  than  census 
valuations,  and  all  prices  were  undoubtedly  higher  than  in  1900, 
hence  the  comparison  with  the  State  averages  is  of  less  value  than 
would  at  first  appear.  Farm  No.  6,  with  a  percentage  of  11.82  in 
machinery,  has  equipment  for  manufacturing  butter  and  maple 
sugar  in  addition  to  the  ordinary  machinery,  and  No.  7,  a  small  farm 
with  a  percentage  investment  in  equipment  of  14.10,  has  a  portable 
gasoline  engine  and  wood  sawing  outfit,  only  a  part  of  which  pos- 
sibly should  have  been  charged  to  the  farm.  Aside  from  these  two 
cases  the  variation  of  the  percentage  invested  in  machinery  is  small 
as  compared  with  other  classes  of  equipment. 

DISTRIBUTION  OF  INVESTMENT  BY  ENTERPRISES 

Reference  has  already  been  made  to  the  division  of  investment 
by  enterprises.  Table  VII  shows  the  average  distribution  of 
capital  for  the  21  farms,  on  the  basis  previously  set  forth. 

It  will  be  noted  that  the  land  value  is  divided  on  the  basis  of 
acreage,  no  differences  in  quality  of  land  on  the  same  farm  bein^ 
recognized.  This  suggests  that  a  farm  inventory  be  made  to  show 
the  relative  value  of  the  various  kinds  of  land,  as,  for  instance, 
waste,  dooryard,  pasture,  barn  lots,  crop  land,  orchard  and  wood- 
land. The  crop  land  is  included  in  one  item  under  '*A11  Crops,'' 
owing  to  the  annual  variation  in  acreage  for  the  different  crops. 

The  division  of  building  values,  based  on  the  cubic  space 
occupied  by  different  enterprises,  seems  out  of  proportion,  em- 
phasizing, as  it  does,  the  much.larger  -amount  of  space  occupied  in 
proportion  to  the  value  of  property  in  the  case  of  produce,  supplies, 
etc.,  ($766.57)  in  storage  than  in  the  case  of  livestock  ($436.51). 
The  ''produce  and  supplies"  item  under  "buildings"  might  be 
divided  between  "All  Stock"  and  "All  Crops,"  but  for  the  annual 
variation  in  the  proportion  of  products  fed  and  sold.  The  "All 
Stock"  building  charge  is  based  on  space  devoted  to  sheds,  alleys, 
etc.,  used  by  or  used  in  caring  for  all  or  at  least  several  classes  of 
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stock.  Buildings  wholly  or  partially  devoted  to  work  shops  or  to  the 
storag^e  of  machinery,  wagons  and  tools  give  rise  to  the  amount 
charged  to  ''General  Farm"  ($325.42).  A  potato  storage  house  and 
several  sap  houses  were  found.  "Buildings"  include  both  household 
and  farm  buildings. 

The  machinery  and  utensils  charged  to  household  ($11.07)  were 
those  which  in  some  cases  might  be  used  either  for  domestic  or  farm 
purposes.  Each  class  of  livestock  is  charged  with  the  articles  per- 
taining directly  to  it,  also  each  crop  enterprise.  Vehicles  for  trans- 
portation and  a  large  proportion-of  the  smaller  tools  are  charged  to 
"General  Farm"  ($237.29),  and  plows,  harrows  and  other  general 
crop  machinery  are  charged  to  "All  Crops"  ($102.71). 

In  Table  VIII  are  given  by  enterprises  the  percentages  of  total 
investment  for  25  farms,  together  with  the  mean  of  the  percentages 
for  the  21  individual  farms  and  the  average  percentages  for  the  21 
farms  considered  as  a  unit.  Miscellaneous  enterprises  are  grouped 
under  the  column  so  headed.  These  include  Maple  Sugar,  Syrup, 
etc.,  on  Farms  Nos.  1,  2,  5,  6,  and  17;  Orchard  on  Farms  Nos.  3,  21, 
22,  and  23;  Sugar  Beets  on  No.  10;  Tobacco  on  No.  24;  and  Market 
Garden  on  No.  25.  On  No.  4,  8.65  percent  is  invested  in  the  Maple 
Sugar  enterprise  and  1.68  percent  in  Orchard;  on  No.  18,  0.28  per- 
cent is  in  Sugar  and  0.92  percent  in  Orchard.  Bees,  also  included 
with  miscellaneous  enterprises,  average  0.03  percent  of  the  total, 
amounting  to  less  than  0.4  percent  on  any  farm  represented  in 
Table  VIII.  On  Farm  No.  29,  however,  this  enterprise  represents 
2.51  percent  of  the  total  investment. 

The  relative  importance  of  the  various  live  stock  enterprises 
can  readily  be  ascertained  from  Tables  VII  and  VIII.  On  high 
priced  land  the  "All  Crop"  enterprise  naturally  bears  a  higher 
proportion  of  the  total  investment.  The  investment  in  special  crop 
machinery  is  relatively  small.  The  low  figures  (.15,  .10,  .07,  and  .21) 
for  corn  machinery  among  the  "hill"  farms  (Nos.  20  to  23,  inclusive) 
are  to  be  noted. 

The  distribution  of  capital  for  each  farm  is  worthy  of  con- 
sideration by  itself.  It  is  not  easy  to  generalize  in  this  connection, 
all  the  factors  discussed  up  to  this  point  governing  the  selection  of 
equipment.  From  the  various  tables,  and  especially  from 
Table  VIII,  will  be  seen  the  difficulty  of  studying  the  farm  as  a 
unit  instead  of  the  enterprise.  Farms  Nos.  1,  2,  6,  9,  21,  and  23 
mig-ht  be  classed  as  dairy  farms,  yet  the  relative  investment  in 
various  enterprises  is  far  from  uniform.  With  the  exception  of 
these,  and  Farms  Nos.  20  and  25,  the  farms  studied  can  best  be 
classed  as  "general",  and  among  these  occur  variations  in  the 
relative  investment  to  understand  which  an  analysis  of  the  farm  as  a 
combination  of  enterprises  is  essential. 
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EQUIPMENT  OP  THE  AVERAGE  FARM 

In  the  foregoing"  pages  the  distribution  of  capital  at  the  time  of 
inventory  has  been  discussed.  The  next  phase  of  the  study,  and 
really  the  first  in  order,  is  the  enumeration  of  the  items  that  go  to 
make  up  the  equipment  of  an  average  farm.  The  average  equip- 
ment of  the  21  farms  which  have  been  studied  will,  of  course,  apply 
only  to  farms  having  approximately  the  same  conditions  as  this 
**average  farm."  The  various  classes  of  equipment  will  be  dealt 
with  separately  in  the  following  pages  and  sufficient  detail  given  to 
permit  the  application  of  the  data  to  farms  diverging  from  the  type 
under  consideration.  It  is  impossible  to  make  a  general  recom- 
mendation as  to  equipment  owing  to  the  complex  and  varying 
combinations  of  enterprises  on  different  farms,  and  the  summary 
presented  later  is  valuable  in  a  suggestive  way  only. 

REAL  ESTATE 

The  average  value  previously  shown  for  the  bare  land  is  taken 
as  a  basis  instead  of  the  mean,  as  all  other  data  relating  to  the  first 
cost  of  equipment  are  based  on  averages.  The  cost  and  present 
value  of  drainage  systems  were  regarded  as  equal,  as  before  stated, 
but  the  first  cost  of  buildings,  fences,  and  water  supply  will  be 
higher  than  the.values  shown  in  the  previous  pages.  The  various 
improvements  will  be  discussed  separately. 

HOUSEHOLD  BUILDINGS 

The  great  variation  in  the  tastes  and  circumstances  of  different 
farm  owners  is  largely  responsible  for  the  variation  in  the  cost  of 
household  buildings,  and  it  is  almost  impossible  to  arrive  at  a  satis- 
factory basis  for  determining  the  proper  outlay  in  this  direction. 

It  has  been  shown  (Table  VII)  that  on  the  21  farms  studied  the 
inventory  value  of  household  and  tenant  buildings  was  approxi- 
mately equal  to  that  of  farm  buildings,  each  being  about  $1500. 
This,  however,  does  not  represent  the  present  cost  of  construction. 
Household  buildings  were  not  studied  closely  as  to  size  and  cost, 
but  from  the  values  shown  in  Table  III,and  such  data  as  are  at  hand 
it  is  estimated  that  to  replace  those  found  on  the  21  farms  would 
involve  an  expenditure  of  from  $600  to  $4000  per  farm  averaging 
close  to  $2500.  This  would  include  dwellings  for  proprietors,  ten- 
ants, or  laborers,  wood  houses,  smoke  houses,  and  milk  cellars,  ice 
houses,  etc.,  which  might  also  be  used  to  some  extent  for  the  farm. 

SPACE  NEEDED  IN  FARM  BUILDINGS 

The  farm  buildings  must  usually  provide  for  the  shelter  of 
horses,  cattle,  sheep,  hogs,  and  poultry,  and  for  a  certain  amount  of 
space  to  be  used  by  or  devoted  to  the  care  of  several  classes  of  live- 
stock. They  must  usually  accommodate  all  or  a  large  part  of  the 
products  of  the  farm  fields,  including  roughage,  grain,  and  seed. 
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They  should  provide  space  for  the  storage  of  all  wagons,  machinery 
and  tools,  and  for  the  farm  workshop.  A  certain  amount  of  easily 
accessible  space  should  be  available  also  for  convenience  in  the 
temporary  shelter  of  machinery,  livestock,  or  products.  Buildings 
for  special  purposes,  such  as  the  storage  of  root  crops  and  ensilage, 
and  the  manufacture  of  maple  products,  are  necessities  on  only  a 
part  of  the  farms. 

In  studying  this  problem  the  size  and  plan  of  each  building  was 
noted,  together  with  the  enterprise  to  which  each  portion  of  the 
building  was  devoted  at  the  time.  The  amount  of  floor  and  cubic 
space  devoted  to  the  various  enterprises  has  thus  been  approxi- 
mated. (The  thickness  of  walls  and  partitions  was  not  considered.) 
While  averages  of  the  21  farms  do  not  include  enough  cases  to 
justify  the  drawing  of  general  conclusions,  the  data  contained  in 
Tables  IX  and  X  afford  a  rough  working  basis. 

la  Table  IX  are  included  data  concerning  enterprises  the  space 
for  which  depends  to  a  considerable  extentupon  the  size  of  the  farm. 
Under  "General  Farm"  is  included  all  space  devoted  to  machinery 
storag'e,  work  shop,  driveways,  and  other  spaces  devoted  to  the  farm 
as  a  whole.  "Hay  Storage"  includes  the  area  and  volume  of  mows 
and  lofts.  The  volume,  in  this  case,  is  greater  than  the  space  ordin_ 
arily  filled  with  hay  or  other  roughage.  The  proportion  of  the 
entire  volume  of  mows  which  could  actually  be  filled  by  the  ordinary 
methods  could  not  be  satisfactorily  determined  at  the  time,  and  the 
space  usually  filled  was  extremely  variable,  hence  the  total  volume 
was  used  in  this  table.  "Grain  Storage"  includes  separate  cribs 
and  g-ranaries,  also  all  bins  and  storage  places  for  grain  and  seed  in 
other  buildings. 


TABLB  IX— AVBRAQB  FLOOR  AND   CUBIC    SPACB    DBVOTBD   TO    THB    STORAGB   OP 
PRODUCTS,  MACHINERY.  BTC.,  IN  BUILDINGS  ON  21  FARMS 


Enterprise 

Average  Space 
per  farm 

Average  Space 
per  acre 

Average  Space 
per  acre  of  crops 

Floor 

Cubic 

Floor 

Cubic 

Floor 

Cubic 

General  Farm     ... 

aay  Storage 

Traill  Storage 

2,038 

2,752 

505 

24,732 
46,558 
6,192 

12.3 
16.5 
3.0 

149.0 
280.6 
31.3 

23.7 
32.1 
5.8 

288.5 
5432 
60.6 

The  average  space  per  acre  shown  in  Table  IX  would  tend  to 
ncrease  with  a  decrease  in  the  size  of  farm  and  vice  versa.  On  the 
imaller  farms  the  amount  of  waste  space  would  be  greater  for  each 
enterprise  and  the  space  devoted  to  certain  general  farm  purposes 
vould  remain  practically  the  same  as  for  the  larger  farms. 
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In  Table  X  are  shown  averages  in  connection  with  the  space 
devoted  to  livestock  enterprises.  In  order  to  obtain  comparable 
units  all  young  stock  except  colts  was  reduced  to  the  basis  of 
mature  animals.  Two  head  of  young  cattle,  2  shoats,  or  S  pigs  were 
regarded  as  equivalent  to  one  mature  animal.  Since  young  lambs 
are  later  included  with  the  ewes  in  Table  XIII  no  correction  was 
necessary.  The  space  in  harness  rooms  is  included  in  that  shown 
for  horses,  and  space  devoted  to  milk  rooms,  etc.,  in  that  shown  for 
cattle.  For  sheep  the  space  includes  both  floor  and  rack  room,  with 
very  little  waste.  For  swine  the  space  shown  includes  feed  alleys, 
etc.,  in  hog  houses.  The  average  space  per  head  is,  of  course, 
much  too  small  for  the  entire  herd  of  swine.  Only  11  out  of  21 
farms  show  a  definite  space  devoted  to  swine,  and  on  the  other 
farms  swine  usually  occupy  a  portion  of  the  "All  Stock'*  space 
during  part  of  the  year.  Portable  houses  for  the  brood  sows  arc 
in  quite  common  use.  These,  averaging  4.1  per  farm,  were  included 
with  the  miscellaneous  items  of  equipment  rather  than  with  per- 
manent farm  buildings. 


TABLE  X— AVBRAOB  FLOOR  AND  CUBIC  SPACE  PER  FARM  AND  PER  HEAD  DEVOTED 
TO  LIVESTOCK  ENTERPRISES  IN    BUILDINGS  ON  21  OHIO  FARMS 


Enterprise 

Average  No.  of  mature 
Animals  per  farm 

Average  Space 
per   farm 

Areraffe  Space 
per   bead 

Floor 

Cubic 

Floor 

Cubic 

Horses 

Cattle   

7 
13 
41 
17 

613 
1061 
475 
3CT 

448 

S242 
9210 
4141 
2912 
3925 

K7.5 
83.4 
11.6 
19.2 

748.8 
706.4 

Sheep       

lOO  9 

Swine    

All  Stock 

171.3 

SIZE  OF  FARM  BUILDINGS 

It  is  possible  to  plan  a  practical  set  of  farm  buildings  which  will 
almost  exactly  fit  the  conditions  of  the  "average  farm"  under  con- 
sideration. The  size  and  nature  of  the  buildings  must,  of  course, 
be  varied  to  fit  any  individual  conditions,  but  assuming  that  the  data 
in  Tables  IX  and  X  give  the  requirements  for  this  particular  size 
and  type  of  farm,  the  size  of  the  separate  buildings  is  the  next  item 
to  be  determined. 

BARN 

Of  the  barns  on  the  21  farms  about  half  were  basement  or 
*'bank"  barns,  and  in  case  of  the  greater  number  of  the  remainder 
the  space  equivalent  to  a  basement  was  secured  by  attaching  to  the 
barn  unsightly  sheds  of  the  **lean-to"  type.      In  the  majority  of 
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cases  there  could  be  had  a  convenient  site  for  a  basement  barn  with- 
out excessive  grading,  and  the  advantages  of  this  type  are  such  that 
they  will  be  provided  for  in  the  barn  to  be  planned. 

Horses,  cattle,  and  sheep  are  often  found  in  the  basement  of  a 
barn.  In  this  case  a  barn  36  ft. x60  ft.  will  provide  ^  .60  square  feet 
of  floor  space  (outside  measurement),  while  the  requirements  for 
the  three  classes  of  stock  total  2,172  square  feet,  these  also  being 
calculated  on  outside  measurement.  A  section  16  ft.  x  36  ft.  at  one 
end  will  provide  576  square  feet  for  horses,  and  an  additional  space 
4  ft.  X  9  ft.  for  harness  would  utilize  the  average  space  allotted  to 
this  enterprise.  The  16  feet  would  be  reduced  by  the  thickness  of 
the  wall,  but  would  leave  ample  room  for  manger,  stall,  and  alley 
behind  the  horses.  The  7  horses  could  easily  be  accommodated  in 
the  width  remaining  after  the  thickness  of  one  wall  is  deducted  from 
36  feet.  As  a  rule,  in  barns  of  this  kind,  the  basement  wall  is  pro- 
vided on  three  sides  only,  the  two  ends  and  the  long  side  next  the 
bank. 

A  section  30  ft.x36  ft.  would  provide  1,080  square  feet  for  cattle 
where  1,084  are  required.  This  would  afford  ample  space  for  the 
average  of  nearly  8  cows  per  farm,  for  the  young  and  miscellaneous 
stock,  and  for  a  milk  room  if  considered  advisable  to  place  one  there. 
It  would  afford  room  for  the  miscellaneous  stock  on  a  beef  farm  and 
feeding  room  for  a  small  carload  of  steers.  The  sheep  would  pref- 
erably be  lodged  in  the  center  space,  in  which  the  harness  room 
and  a  stairway  could  be  located.  Deducting  the  area  of  the  harness 
room  from  the  remaining  space,  14  ft.  x  36  ft.,  there  are  left  468 
square  feet  for  sheep  where  475  were  needed.  A  height  of  8  ft.  8 
in.  would  supply  18720  cubic  feet  in  the  basement,  while  18,593  cubic 
feet  are  required.  In  this  plan  both  horses  and  cattle  are  provided 
with  more  and  sheep  with  less  cubic  space  than  called  for  by  the 
average.  A  basement  somewhat  similar  to  the  one  just  described 
was  found  on  farm  No.  3. 

The  upper  part  of  this  barn  is  adapted  from  that  of  a  barn  40 
ft.  X  60  ft.  on  farm  No.  14.  A  central  driveway  14  feet  wide  extends 
through  the  center  of  the  barn,  making  a  floor  space  14  x  36  feet 
available  for  general  farm  purposes.  To  the  left  of  the  driveway  is 
a  staircase  to  the  basement,  the  remainder  of  this  end  of  the  barn 
being  devoted  to  hay  storage.  On  the  right  of  the  driveway  a  grain 
room  10  ft.  X  23  ft.  and  a  space  26  ft.  x  23  ft.  for  storage  of  wagons 
or  machinery  occupy  the  floor  space.  A  mow  floor  extends  over 
these  spaces  at  a  height  of  8  ft.,  and  over  the  driveway  at  a  height 
of  12  ft.  The  barn  is  18  ft.  from  the  top  of  the  basement  wall  to  the 
corners,  or  to  the  **square,"  and  a  roof  of  yS  pitch  gives  an  additional 
height  of  12  ft.  to  the  point  of  the  gable.      This  provides  2,160  feet 
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of  floor  Space  for  hay,  and  230  for  grain  storage,  though  volume  is 
rather  the  essential  in  this  case.  It  provides  39,168  cu.  ft.  for  hay 
and  1,840  cu.  ft.  for  grain,  leaving  a  balance  to  be  provided  for  hay 
of  7,390  cu.  ft.,  and  for  grain  of  275  sq.  ft.  and  3,352  cu.  ft.  In  the 
driveway  14  x  36  and  storage  space  26x23,  an  area  of  1,102  sq.  ft.  and 
a  volume  of  10,832  cu.  ft.  are  provided  for  general  farm  purposes, 
leaving  a  balance  of  936  sq.  ft.  and  13,900  cu.  ft.  to  be  provided  for 
by  other  buildings. 

The  cost  of  this  barn  will  vary  with  many  factors.  This  can 
more  easily  be  estimated  by  the  contractor  than  the  necessary  size, 
hence  the  latter  point  only  was  emphasized  in  this  study.  A  study 
of  costs  of  four  comparatively  new  barns  of  similar  type  indicates 
that  about  2J^  cents  per  cubic  foot  enclosed  will  cover  the  cost  of  a 
barn  of  this  size  and  type.  It  is  a  common  practice  among  Ohio 
farmers  who  have  timber  available  to  utilize  a  considerable  amount 
of  lumber  sawed  upon  the  farm  and  the  exact  value  of  this  is  diffi- 
cult to  estimate.  This  barn  contains  70,560  cubic  feet  and  at  the 
rate  given  it  would  cost  close  to  $1,800,  but  this  is  probably  a  low 
estimate. 

HAY  BARN 

Where  a  basement  barn  is  not  practicable  there  is  usually  a 
second  building  for  the  storage  of  hay  and  the  shelter  of  a  part  of 
the  live  stock.  In  some  cases  this  is  made  large  enough  so  that 
sheds  attached  to  the  barns  are  dispensed  with.  In  order  to  provide 
for  the  additional  space  required  for  **all  stock"  (448  square  feet 
and  3925  cubic  feet)  and  for  the  additional  storage  of  hay,  a  building 
of  this  sort  is  here  planned  for  the  "average  farm"  supplemental  to 
the  above  planned  barn.  To  combine  the  cubic  space  required  for 
both  purposes  with  the  floor  space  required  by  "all  stock"  would 
result  in  a  building  of  unusual  proportions,  hence  the  ground  area 
is  increased  from  448  to  512  feet  as  shown  in  Table  X.  A  building 
16  ft.  X  32  ft.,  16  ft.  to  the  **square",  with  roof  given  one-half  pitch 
will  give  an  excess  of  64  square  feet  and  171  cubic  feet  for  "all 
stock."  It  will  also  provide  6144  cubic  feet  for  the  hay  storage,  as 
compared  with  the  remaining  requirements  of  7390  cubic  feet,  if  the 
second  floor  is  placed  8  feet  above  ground.  A  further  increase  of 
floor  space  accompanied  by  a  decrease  in  height  would  improve  the 
proportions  of  the  building,  though  they  are  not  unusual.  As  this 
building  may  be  of  cheap  construction  $150  should  cover  the  cost. 

WAQON  SHED.  CRIB,  ETC. 

The  grain  room  in  the  large  barn  failed  to  provide  for  a  large 
part  of  the  space  required  for  grain  storage.  The  ratio  between 
floor  and  cubic  space  remaining  suggests  a  high  crib  or  granary. 
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A  popular  building  is  a  double  crib,  or  a  combination  of  crib  and 
granary,  with  a  driveway  between,  which,  when  enclosed  by  doors 
at  either  end,  may  be  used  as  a  convenient  w^agon  or  buggy  shed. 
A  building  20  ft.  x  28  ft.  on  the  ground  and  10  ft.  in  height,  with  an 
8-foot  gable,  is  suggested.  Two  cribs,  each  5  ft.  wide,  and  a  drive- 
way 10  ft.  wide,  all  extending  the  length  of  the  building,  would 
occupy  the  floor  space.  For  grain  storage  this  building  would 
provide  3,360  cubic  and  280  square  feet,  or  almost  exactly  the 
remaining  balance  of  the  required  amount,  i.  e.,  275  sq.  ft.  ^nd  3,352 
cubic  feet.  Including  the  loft  above  the  driveway  which  could  be 
used  for  the  storage  of  light  implements,  ladders,  etc.,  3,920  cubic 
feet  would  be  provided  for  general  farm  purposes  and  280  square 
feet  of  ground  space.  This  building,  built  with  the  average  finish, 
would  probably  cost  from  $200  to  $250. 

MACHINERY  SHED  AND  WORKSHOP 

In  the  large  barn  planned  and  in  the  above  combined  wagon 
shed  and  crib  there  was  provided  an  area  of  1382  square  feet  and 
14,752  cubic  feet  for  general  farm  purposes.  There  still  remain 
balances  of  656  sq.  ft.  and  9,980  cubic  feet  to  be  devoted  to  these 
purposes,  if  the  requirements  as  set  forth  in  Table  IX  are  complied 
with.  The  storage  of  a  part  of  the  farm  machinery  and  the  location 
of  "the  farm  workshop  have  not  been  provided  for;  hence,  a  building 
22  feet  by  30  feet,  and  12  feet  in  height  to  the  eaves  is  designed  to 
meet  these  needs.  If  a  workshop  were  finished  off,  the  building 
would  probably  cost  from  $250  to  $300. 

HOQ  HOUSE 

Only  part  of  the  farms  have  separate  permanent  hog  houses. 
The  average  floor  space  devoted  exclusively  to  hogs  on  the  21  farms 
was  327  feet.  A  house  12  ft.  x  27  ft.  would  furnish  this  and  provide 
for  a  4-ft.  feed  alley  the  length  of  the  building  and  4  pens  8  ft.  x  6H 
ft.  With  this  building,  several  portable  bouses,  and  the  occasional 
use  of  space  in  other  buildings,  the  average  herd  shown  in  Table 
Xni  viz.,  1  boar,  6  brood  sows,  22.1  shoats  and  20.5  pigs  could  be 
accommodated.  If  the  house  were  made  10  ft.  high  in  front  and  8 
ft.  in  the  back,  with  a  shed  roof,  the  average  requirements  as  to 
cubic  space  would  be  met.  The  probable  cost  of  the  hog  house 
would  be  from  $60  to  $100. 

POULTRY  HOUSE 

Poultry  houses  on  5  farms  besides  the  21  which  have  been 
under  discussion  are  considered  in  the  following  averages.  The 
average  flock  on  these  farms  was  equivalent  to  106  hens,  or  a  trifle 
larger  than  on  the  21  farms.  The  floor  space  per  hen  varied  from 
1)4  to  11.7  square  feet  on  different  farms.  Excluding  the  latter 
case  the  mean  was  3.46  square  feet  per  hen.     The  mean  cubic  space 
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per  ben  was  24.4  ft.,  indicating  7  feet  as  the  averagre  beig-ht  of 
houses.  In  40  percent  of  cases  the  area  per  hen  was  between  l}i 
and  2/4  square  feet;  in  about  40  percent  of  cases  the  area  of  the 
poultry  house  was  between  ISO  and  250  square  feet,  and  in  60  per- 
cent of  cases  the  number  of  fowls  kept  in  one  house  was  between  60 
and  120.  In  the  remaining:  cases  there  was  a  wide  variation.  To 
house  the  106  fowls  at  the  mean  rate  of  floor  space  per  fowl  would 
require  an  area  of  367  sq.  ft.  of  floor  space,  which  would  be  provided 
approximately,  by  a  house  12  ft.  x  30  ft.  Five  square  feet  of  floor 
space  per  hen  is  often  recommended  by  poultry  authorities,  and  4 
square  feet  per  hen  should  be  considered  as  a  minimum  in  good 
farm  practice  but  60  percent  j3f  this  area  is  apparently  closer  to 
actual  conditions  on  most  farms,  and  a  house  12  ft.  by  20  ft.  is 
probably  nearer  the  avera^re  than  one  12  ft.  x  30  ft.  A  house  for 
the  accommodation  of  the  flock  of  average  size  should  not  be  less  in 
floor  space  than  12  ft.  x  36  ft.  or  16  ft.  x  27  ft.,  or  better  still  would 
be  two  houses  12  ft.  x  20  ft.  In  this  latter  case  the  one-year-old 
fowls  could  be  kept  in  the  one  house  and  the  two-year-olds  in  the 
other  and  the  difficulty  of  separating  the  old  from  the  young  would 
be  obviated*  The  poultry  had  free  rang^e  on  practically  all  the 
farms.  The  poultry  house  would  represent  an  outlay  of  from  $S0 
to  $75  on  the  average  farm. 

SILO 

Silos  are  usually  associated  with  the  cattle  enterprise.  Six 
wooden  silos  of  from  100  to  120  tons  capacity  were  found,  4  in  con- 
nection with  dairy  cattle  and  two  with  beef  cattle.  These  cost  from 
$150  to  $250  in  place,  depending  upon  the  size  and  material. 

SAP  HOUSB 

Where  a  "sugar  bush"  is  turned  into  revenue  a  separate  build- 
ing is  usually  found  advisable.  This  often  consists  of  a  room  for 
the  evaporator,  etc.,  and  a  woodshed.  It  is  ordinarily  built  of  old  or 
rough  lumber  and  as  cheaply  as  possible.  A  building  18  ft.  x  32  ft, 
8ft.  high,  with  roof  given  Vs  pitch  is  close  to  the  average  of  three  sap 
houses  found  on  these  farms. 

MISCBLLANBOUS  BUILDINGS 

On  many  farms  there  are  buildings  for  special  purposes  not 
already  discussed.  On  farm  No.  9  is  a  potato  cellar  costing  about 
$75.  On  farm  No.  29  there  is  a  bee  house  for  storing  the  bees,  hives, 
etc.,  during  the  winter.  An  occasional  well  house  is  included  under 
water  supply.  An  investment  of  $75  per  farm  would  probably  be 
an  average  for  silos,  sap  houses,  and  other  farm  buildings  of  a  mis- 
cellaneous character,  on  the  21  farms. 
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SPACB  UNITS  IN  FARM  BUILDINGS 

From  the  foregoing"  discussion  it  will  be  apparent  that  there  is 
great  need  for  definite  space  units  to  be  used  in  the  planning  of 
farm  buildings.  The  usual  division  of  crops  on  the  21  farms  studied 
makes  it  necessary  to  provide  for  storing  the  yields  from  25  to  30 
acres  each  of  corn,  small  grain,  and  hay.  Yields  of  50  bushels  of 
corn  to  the  acre  from  28  acres,  20  bushels  of  wheat  from  14  acres, 
and  40  bushels  of  oats  from  14  acres  would  require  approximately 
4,550  cubic  feet  of  space,  which  is  more  than  provided  for  on  the 
average,  since  some  of  the  corn  is  used  for  silage  and  some  of  the 
grain  is  sold  immediately.  Maximum  yields,  however,  could 
encroach  on  the  'General  Farm*'  space.  A  hay  yield  of  2/^  tons  to 
the  acre  from  28  acres  would  tax  the  capacity  of  the  mows  provided 
on  the  average  farm  (165.88  acres)  and  straw  would  ordinarily  have 
to  be  stacked  outside,  especially  if  corn  stover  were  shredded. 

The  units  of  space  for  field  products  are  well  understood, 
however,  in  comparison  to  those  for  livestock  and  general  farm 
purposes.  The  averages  presented  are  simply  those  of  actual  con- 
ditions on  a  small  number  of  farms,  and  it  is  a  matter  of  common 
observation  that  most  farm  buildings  can  not  be  regarded  as  models 
of  economy  and  convenience.  Units  of  space  for  each  class  of  live- 
stock, including  the  area  occupied  by  the  animal  itself,  the  racks  or 
mangers,  alleys,  and  the  feed  of  the  animal,  would  be  of  great 
assistance  in  the  planning  of  buildings  for  economy  of  space. 
These  can  not  be  worked  out  satisfactorily  on  theoretical  grounds, 
but  should  be  obtained  from  a  careful  study  of  the  best  farm 
practice. 

FENCES 

The  study  of  the  extent  of  fence  on  the  21  far 31s  yielded  some 
interesting  data  which  are  presented  in  Tables  XI  and  XII.  In 
Table  XI  are  given  the  total  rods  of  fence  maintained  by  each  farm, 
divided  into  outside  or  line  fence,  inside  fence,  and  xoad  fence. 
Only  the  total  fence  kept  up  by  the  owner  is  represented,  hence  the 
amount  of  line  fence  should  be  doubled  in  order  to  get  the  total 
number  of  rods  touching  the  farm;  The  first  cost  of  fence  per 
acre  is  affected  not  only  by  the  character  of  the  fence  but  by  the 
number  of  rods  per  acre.  The  effect  of  a  large  amount  of  road 
fence  on  the  latter  may  be  seen  by  contrasting  farms  Nos.  7  and  8, 
having  284.1  and  333.9  rods  of  road  fence  respectively,  making  the 
average  rods  per  acre  13  and  10.4  respectively,  with  Nos.  1  and  2, 
which  have  6.1  and  4.9  rods  respectively  of  road  fence.  Under 
**road  fence"  is  included  river  or  other  outside  fence  not  shared  by 
an  adjacent  owner.  Naturally  the  smaller  farms  show  a  greater 
extent  of  fence  per  acre  than  the  larger,  but  this  is  not  necessarily 
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true  in  every  case.  The  averag^e  of  all  the  farms  shows  approxi- 
mately one-half  the  fence  inside,  one-fourth  on  the  road,  and  one- 
fourth  between  the  farm  and  those  adjacent.  A  slig^ht  discrepancy 
is  shown  between  the  acre  value  of  fences  in  Tables  IV  and  XI,  as 
in  the  former  the  total  value  of  fences  on  each  farm  was  brought  to 
a  round  number,  while  in  the  latter  the  actual  value  is  used. 


TABLE  XI— TOTAL  RODS  OP  LINE.  ROAD  AND  DIVISION  FBNCB  MAINTAINED  BY  THE 
OWNERS  OP  21  OHIO  FARMS,  WITH  COST.  VALUE  AND  NUMBER 
OP  RODS  PER  ACRE 


Farm 
No. 

Acres 

Owner's 
share  of 

Road 
fence 

Inside 
fence 

Total 
owner's 

Cost  of 
fence 

Value 
offence 

Arerzgt 
rods 

line  fence 

fence 

per  acre 

per  acre 

per  acre 

Rods 

Rods 

Rods 

Rods 

1 

116  20 

11.9 

12. 

$211 

61 

2 

%ltM       << 

1. 

1.62 

49 

3 

"~*  « 

6. 

4.37 

10.3 

4 

2.71 

68 

6 

3.94 

8. 

7 

4.60 

13 

8 

6.08 

104 

9 

.66 

S.2 

10 

5.89 

11  1 

12 

2.57 

67 

13 

6.72 

11.4 

14 

2.29 

6.2 

16 

S6S 

6.9 

16 

3.63 

6.2 

17 

3.86 

6.6 

18 

1  61 

7.4 

19 

3.87 

96 

20 

565.'6' 

■77:2 

l627'6* 

3.56 

87 

21 

176.4 

390.8 

956.8 

3.60 

49 

22 

329.2 

190.8 

679.6 

236 

4.8 

23 

291.0 

409.1 

734.1 

4.06 

8.1 

Average        166.88 

292.19 

273.26 

644.11 

227.93 

4.60 

3.25 

7.4 

Percentaare    

24.1 

22.6 

63.2 

1100. 

Mean               

4.*79 

3^40 

*7.67 

The  character  of  fences  on  the  21  farms  is  broug^ht  out  in  Table 
XII,  which  shows  the  extent  of  each  of  the  eigrht  principal  kinds  of 
fence  and  the  average  cost  per  rod  of  all  fence  on  each  farm.  The 
total  of  the  eight  kinds  shown  averages  1,204.6  rods  per  farm,  or 
over  98  percent  of  the  total,  a  few  miscellaneous  kinds  being  omitted. 
The  cost  of  the  various  kinds  of  fence  varies  with  the  difference  in 
the  cost  of  materials  in  different  localities,  but  even  more  with  the 
height,  number  of  wires  or  boards,  distance  apart  of  posts  and  the 
labor  expended  in  construction.  "Woven  wire"  fence,  for  instance, 
might  be  5  feet  in  height  without  barbed  wires  in  addition,  or  3  feet 
in  height  with  several  barbed  wires  above  and  one  below.  It  might 
be  made  of  either  heavy  or  light  wire,  with  posts  from  10  to  33  feet 
apart,  the  posts  costing  from  10  to  30  cents  each.  Owing  to  these 
variations,  estimates  on  the  cost  of  construction  can  hardly  be  made 
general. 
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Fig.  2    Drainage  system  on  Farm  No.  10. 
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The  old  "zigzag:"  or  "worm"  fences  are  still  much  in  evidence, 
but  as  they  decaty  are  being  replaced  largely  by  woven  wire. 
A  small  percentage  have  been  rebuilt  as  straight  rail  fences.  The 
use  of  barbed  wire  is  somewhat  restricted  by  law,  but  it  is  popular 
as  a  cattle  fence.  Board  and  picket  fences,  the  latter  usually  made 
of  wire  and  pickets,  are  still  used  somewhat  for  tight  fencing  but 
are  being  replaced  by  woven  wire.  The  hedge  fences  (usually  of 
osage  orange)  are  being  torn  out  on  many  farms  not  only  because  of 
their  unsatisfactory  character  and  the  labor  of  keeping  them  in 
shape,  but  because  of  the  ground  rendered  unproductive  on  either 
side  of  the  fence  row.  The  smooth  wire  fences  include  various 
kinds  of  wire,  many  of  which  have  been  put  out  in  the  effort  to 
supply  a  fence  safer  than  barbed  wire  and  easier  to  put  up  than 
woven  wire. 

TABLE  XII-NUMBBR  OP  RODS    OP  BACH    PRINCIPAL  KIND  OP  PENCB    MAINTAINBD 

BY  THB  OWNERS  OP  21  OHIO   PARMS.  WITH  Tt.  B  WBRAOB  PIR8T  COST 

PER  ROD  OP  ALL  KINDS  OP  PENCE  ON  EACH  PARM 


Farm 
No. 

Woven 
wire 
rods 

Barbed 
wire 
Rods 

Smooth 
wire 
Rods 

Board 
Rods 

Worm 
rail 
Rods 

Straight 
rail 
Rods 

Picket 
Rods 

Hed8«: 
Rods 

At.  cost 
per  rod 
Genu 

1 

70.3 

448.2 

123.6 

65.7 

40.9 

2 

140. 

602. 

6. 

48. 

36.4 

3 

60.8 

81. 

34.7 

624.5 

20. 

245.3 

68.0 

4 

126.4 

36. 

28. 

277.6 



24. 

240.8 

64.5 

6 

612.4 

272.8 

80. 

20. 

133.8 

22.8 

68.7 

7 

28. « 

104.7 

113.8 

134. 

26. 

47.7 

69.4 

8 

225. 

130.6 



462.8 

50. 

9 

134.8 

31.2 

306.2 



50. 

10 

586. 

119.2 

371.2 

20.8 

13.6 

68.6 

12 

348.7 

493.6 

200.8 

50.4 

13 

720. 

30. 

1*40. 

1140. 

93. 

37. 

110. 

65.5 

14 

605. 

643.6 

71.6 

464.8 

636.8 

96.2 

61,4 

15 

302.1 

680.8 

142.4 

268. 

109.2 

21.2 

70. 

16 

186.4 

422.8 

126.8 

270. 

74.8 

17 

986. 

216.4 

310. 

232.8 

75.2 

86. 

18 

214.4 

267.6 

773.6 

271.2 

61.8 

19 

180. 

246. 

408. 

60. 

104. 

52.3 

20 

305.2 

614.8 

69.6 

202.H 

374.8 

63.2 

57.8 

21 

356.8 

30.4 

18. 

68. 

723.6 

86.8 

240.4 

GO. 

22 

208.8 

50.8 

811.8 

8. 

20.2 

46.2 

23 

211.3 

766.6 

52. 

88. 

228.3 

36.6 

52.3 

71.7 

A  veragi 

e    290. 

184.8 

63.6 

96.4 

383.4 

38.6 

I(B.7 

25.1 

59.7 

$t  of  toti 

il     24.8 

]5.3 

5.2 

8. 

82.6 

3.1 

8.6 

2. 

Reg^arding:  the  cost  of  construction  at  the  present  time,  it  may 
be  said  that  this  applies  almost  entirely  to  board  and  barbed  or 
woven  wire.  Hedgfe  fences  were  formerly  installed  at  about  one 
dollar  per  rod,  and  required  from  5  to  10  cents  per  rod  per  year  for 
trimming.  Reference  has  already  been  made  to  the  cost  of  building 
old  rail  fences.  The  labor  cost  probably  rangred  between  30  and  50 
cents  per  rod.  The  material  was  not  valued,  and  in  fact  often 
had  no  market  value  at  the  time  the  fence  was  built.  The  rebuild- 
ing of  rail  fences  costs  20  to  30  cents  per  rod  for  labor,  and  if  the 
rails  are  fastened  to  posts,  one  post  will  be  required  for  each  ll-foot 
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raillengfth.  Picket  fences  require  from  1  to  l}i  posts  per  rod. 
The  pickets,  wire,  etc.,  cost  from  60  cents  to  $1.00  per  rod,  and  the 
labor  of  erecting*  from  IS  to  20  cents  per  rod.  None  of  these  types 
are  now  built  to  any  great  extent. 

Barbed  wire  fences  for  cattle  usually  consist  of  3  or  4  wires  at 
a  cost  of  3  to  4  cents  per  rod  for  each  wire.  Intermediate  posts  are 
usually  set  at  from  11  to  22  feet  apart,  costing  5  to  8  cents  per  post 
for  setting.  They  are  of  oak,  chestnut,  catalpa,  osage  orange, 
locust  and  cedar,  principally,  costing  anywhere  from  10  cents  up. 
The  corner  and  brace  posts  cost  from  SO  cents  up  for  the  posts, 
and  from  50  cents  to  $1.00  for  setting. 

Woven  wire  costs  from  25  to  75  cents  per  rod  for  the  usual 
heights  and  g^rades,  the  lower  heights  usually  taking  several  strands 
of  barbed  wire  in  addition.  As  a  rule,  posts  are  set  from  two-thirds 
to  two  rods  apart.  Setting  of  posts  for  woven  wire  fences  costs 
about  the  same  as  for  barbed  wire,  but  the  end  posts  must  be 
heavier  and  more  firmly  braced,  costing*  as  high  as  $3.00  in  some 
cases  for  post  and  setting.  The  labor  of  erecting*  wire  fences,  out- 
side of  setting  posts,  is  estimated  at  from  5  to  10  cents  per  rod,  but 
accurate  figures  are  not  easily  available.  This  refers,  of  course,  to 
ready  made  fence,  i.  e.,  not  woven  on  the  ground. 

Board  fences  usually  require  two  or  more  posts,  and  from  25  to 
40  feet  of  lumber,  per  rod.  The  rise  in  price  of  fence  lumber  has 
practically  restricted  board  fences  to  the  lots  about  the  farmstead. 
While  the  estimates  must  be  varied  to  suit  conditions,  it  is  probable 
that  from  45  to  60  cents  per  acre  for  barbed  wire,  60  to  90  cents  for 
woven  wire,  and  from  $1.25  up  for  board   fences  will  cover  the  cost. 

DRAINAOB 

The  investment  in  artificial  drainage  shown  in  Table  VII  rep- 
resents the  cost  of  installing  such  improvements.  Only  a  few 
farms  have  practically  all  fields  drained.  Figure  2  represents  the 
drainage  system  on  Farm  No.  10,  as  shown  on  the  owner's  map,  all 
of  the  farm  except  the  woodlot  being  tile  drained.  The  owner's 
map  shows  the  size,  depth  and  location  of  all  tile,  this  being  very 
convenient  when  drains  are  to  be  cleaned  or  new  ones  installed. 
The  cost  of  the  drainage  on  this  farm  was  $17.70  per  acre  for  the 
whole  farm  and  about  $18.60  per  acre  drained. 

The  average  of  the  21  farms  showed  an  investment  of  $366.43 
per  farm  for  drainage.  At  the  rate  prevailing  on  farm  No.  10,  this 
would  tile  about  20  acres  thoroughly.  In  practice,  however, 
''strings"  of  tile  are  found  only  in  the  low  places,  and  a  much  larger 
area  could  be  drained.  The  work  of  digging  the  ditches  and  laying 
the  tile  is  of  ten  done  by  contract  at  the  rate  of  from  6  to  10  cents  per 
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"rod  foot"  for  small  tile,  i.  e.,  a  ditch  1  rod  long:,  1  foot  deep,  and 
wide  enough  to  allow  the  placing  of  tile  from  2%  to  5  inches  in 
diameter.  Ditching  machines  usually  do  the  work  somewhat 
cheaper  than  it  can  be  done  by  hand.  The  cost  of  ditching  for 
larger  tile  is  greater,  but  not  in  proportion  to  the  size  of  the  tile, 
reaching  12  to  16  cents  per  rod  foot  for  12  and  15  inch  tile.  Filling 
the  ditches  is  usually  done  with  a  team  and  plow  at  a  very  slight  cost. 
The  tile  varies  in  price  with  locality.  The  2)4  inch  tile  costs  14  to 
16  cents  per  rod;  3  inch,  16  to  20  cents;  4  inch,  19  to  25  cents;  5  inch, 
30  to  36  cents;  6  inch,  40  to  50  cents;  8  inch,  70  to  80  cent;  10  inch, 
$1.00  to  $1.40.  These  figures  are  from  farmers.  Tile  is  frequently 
sold  by  the  hundred  or  the  thousand,  16  pieces  being  counted  to 
the  rod. 

WATER  SUPPLY 

Owing  to  the  wide  variation  in  the  character  of  water  systems, 
it  will  hardly  be  possible  to  make  even  an  approximate  list  of  the 
essentials  for  the  average  farm.  The  average  present  value  of  the 
water  system,  appraising  wells  at  the  cost  of  installation,and  pumps, 
tanks,  etc.^  at  their  present  value,  is  seen  to  be  $171.76  (Table  VIII) 
for  the  21  farms.  Allowing  for  depreciation  on  the  latter  items,  it  is 
probable  that  the  average  cost  would  reach  $225  for  the  entire 
system.  Between  different  farms,  however,  there  is  a  wide  range, 
as  shown  by  Table  lU.  The  larger  number  of  these  farms  depend 
upon  dug  wells  from  25  to  40  feet  in  depth  and  from  3  to  4  feet  in 
diameter.  Such  a  well,  for  digging  and  walling,  costs  $1.00  to  $1.25 
per  foot  in  depth.  A  hand  pump,  costing  from  $5.00  to  $10.00  is 
usually  found  in  this  sort  of  well.  Some  of  the  farms  have  drilled 
wells  from  90  to  150  feet  deep.  These  cost  in  the  neighborhood  of 
$1.00  per  foot  for  drilling  and  casing,  and  require  a  more  expensive 
pump,  costing  from  $15  to  $25  for  the  pump,  piping  and  cylinder. 
One  or  more  cisterns  are  usually  found,  ranging  in  size  from  20  to 
150  barrels  and  costing  from  $10  to  $35.  A  cistern  pump  complete 
usually  costs  from  $4.00  to  $6.00.  Where  water  is  conveyed  to 
tanks  or  troughs  at  some  distance  from  the  well,  piping  of  1  or  iK 
inch  is  ordinarily  used,  at  a  cost  of  from  8  to  12  cents  per  foot. 
Small  wooden  troughs,  holding  from  1  to  3  barrels  and  costing  from 
$3.00  to  $5.00,  are  often  used  in  connection  with  wells  or  cisterns 
near  the  barn,  but  tanks  holding  from  10  to  50  barrels  are  commonly 
used  in  feed  lots.  These  cost  from  $10  up,  in  wood,  and  a  trifle 
more  in  concrete.  Many  permanent  concrete  tanks  are  being 
installed  by  farm  labor  at  a  cost  of  from  $15  to  $40  for  sizes  ranging 
from  20  to  80  barrels.  Windmills  costing  from  $50  to  $150  are  often 
found  economical.     The  usual  height  of  tower  is  from  2S  to  30  feet» 
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with  a  wheel  6  to  8  feet  in  diameter.  These  cost  in  the  neig^hbor- 
hood  of  $60  to  $70.  Gasoline  engines  used  only  for  pumpiner  are 
occasionally  found.  These  are  usually  of  2  or  3  horsepower  and 
cost  from  $75  to  $150.  Reservoirs  are  sometimes  found  necessary 
in  connection  with  deep  wells  and  windmills.  Tliese  store  up  a 
surplus  of  water  at  a  depth  from  which  it  can  be  easily  pumped  by 
hand  when  a  lack  of  wind  cuts  ofiF  the  supply  from  the  well.  The 
cost  of  construction  is  about  the  same  as  for  cisterns. 

PERSONAL  PROPERTY 

The  requirements  of  the  averag^e  farm  as  to  livestock  and 
machinery  are  discussed  in  the  following  pages,  including  Table 
XIII,  which  was  compiled  from  the  inventories. 

HORSES 

In  Table  XIII  the  horses  and  mules  on  the  21  farms  are  divided 
into  5  classes  with  respect  to  use.  The  general  purpose,  draft,  and 
draft  and  brood  classes  might  be  grouped  as  work  animals,  with  an 
average  of  4.48  per  farm,  but  the  subdivision  indicates  a  little  more 
clearly  the  character  of  the  animals.  The  draft  and  brood  animals 
are  mares  regularly  worked  rather  than  mares  kept  for  breeding 
purposes  only.  The  general  purpose  animals  are  those  used  for 
both  work  and  driving  on  several  small  farms.  The  data  indicate 
that  4  work  horses,  2  head  of  young  stock,  and  either  a  driving 
horse  or  brood  mare,  which  may  occasionally  be  worked,  as  about 
the  average  requirements  as  to  horses. 

The  94  horses  used  partially  or  wholly  for  heavy  work  on  the  21 
farms  averaged  1250.3  pounds  in  weight.  From  Table  II  it  will  be 
seen  that  these  farms  averaged  85.71  acres  of  harvested  crops. 
This  would  mean  an  average  of  19.13  acres  of  crops  per  work  animal. 
The  acres  of  crops  per  work  animal  varied  from  between  10  and  11 
acres  on  farms  Nos.  3,  7  and  22,  to  31.1  acres  on  farm  No.  17. 
Taking  all  the  farms  visited  by  Mr.  Thompson  and  all  those  of  the 
statistical  cooperators,  55  in  all,  there  was  an  average  of  8.4  horses 
per  farm.  Fifty-four  of  these  farms  from  which  data  were  more 
complete  averaged  199.55  acres  in  size  and  125.54  acres  in  harvested 
crops.  There  was  an  average  of  5.39  work  horses  per  farm  and  an 
average  of  23.3  acres  of  harvested  crops  per  work  animal.  On  one 
group  of  27  farms,  averaging  153.65  acres  in  size,  there  were  18.9 
acres  of  crops  per  work  animal,  and  on  a  group  of  17  farms  aver- 
aging 272.44  acres,  the  average  crop  area  was  27.5  acres  per  work 
animal. 

The  farms  visited  by  Mr.  Thompson  were  mostly  in  the  level 
"larifc  farm*'  area  of  Ohio,  i.  e.,  the  southwestern  part.  Seventeen 
farms  visited  by  him  in  1907  and  1908  maintained  119  work  horses, 
averaging  1,368  pounds  in  weight,  with  an  average  value  of  $158.91 


Digitized  by 


Google 


242  OHIO  EXPERIMENT  STATION:  BULLETIN  227 

and  an  average  agre  of  8.98  years.  On  farms  Nos.  20  to  23,  inclusive, 
in  the  "hill  section,"  17  work  animals,  averag^ingf  almost  exactly  7 
years  in  ag:e,  and  1170  pounds  in  weig^ht,  were  valued  at  $146.41  each. 
These  farms  average  186.79  acres  in  size,  but  average  only  65.4 
acres  in  crops,  or  1S;4  acres  per  animal.  Fifty-two  farms,  includ- 
ing those  of  cooperators,  maintained  275  work  horses,  averaging 
1,306  pounds  in  weight. 

The  work  stock,  like  machinery,  is  seldom  utilized  to  its  full 
capacity  on  small  farms  or  where  conditions  cut  down  the  crop 
area.  The  number  of  work  animals  needed  depends  not  only  upon 
the  acreage  of  crops  but  upon  the  total  area  of  the  farm,  the  kind 
and  extent  of  livestock  enterprises,  the  kind  of  crops,  the  topog- 
raphy, the  distance  of  the  farm  from  town  and  numerous  other 
factors  which  could  not  be  studied  in  detail  at  this  time.  In  most 
cases  the  number  of  work  animals  is  determined  by  the  minimum 
power  requirements  during  the  two  busiest  seasons — seed  time  and 
harvest. 

CATTLE 

The  values  for  cattle  on  these  farms  in  the  winter  and  spring 
of  1909  are  approximated  in  the  column  of  costs  per  unit.  These 
will,  of  course,  fluctuate  with  the  market  and  the  round  numbers 
are  used  for  convenience.  They  are  based,  however,  on  averages 
except  as  otherwise  stated.  One  hundred  dollars  has  been  set 
arbitrarily  as  a  fair  price  for  a  good  bull  of  either  a  beef  or  dairy 
type,  and  $40  has  been  taken  as  nearer  the  usual  value  of  a  beef  cow 
than  the  actual  average  on  two  farms  reporting.  On  one  of  these 
there  were  14  Shorthorn  cows  valued  at  $100  or  more  each,  and  on 
the  other  there  were  4  grade  cows  valued  at  $35  each.  Steers  were 
figured  on  the  prices  of  4  to  VA  cents  prevailing  at  that  time,  and 
young  beef  stock  at  about  the  average  value  per  head. 

On  farms  Nos.  1,  2,  6,  9,  21  and  23,  on  which  dairying  is  the 
principal  enterprise,  there  were  95  milch  cows  with  an  average 
value  of  $40.84  per  head.  These  included  some  pure  bred  cows. 
On  10  other  farms  there  were  29  milch  cows,  averaging  $37.72  per 
head.  The  average  value  of  124  cows  on  16  farms  was  $40.18  per 
head.  The  6  dairy  farms  averaged  $648  worth  of  milch  cows  per 
farm  and  the  10  other  farms  $109.40  per  farm.  On  the  6  dairy 
farms  there  were  44  head  of  young  stock,  or  nearly  1  head  for  each 
2  milch  cows.  The  figure  for  the  value  of  young  stock  is  close  to 
the  average  for  all  calves  and  heifers  found  on  these  farms. 

SHEBP 

The  value  of  $10  per  ram  is  a  trifle  higher  than  would  be  true 
of  many  farms,  owing  to  the  presence  on  Farm  No.  17  of  a  number 
of  rams  at  $12.50  each    which  were  raised    for  sale  as  breeding 
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animals.  This  figure  g-iven,  however,  is  none  too  high  for  good 
results.  All  lambs  at  foot  are  included  in  the  value  of  the  breeding 
ewes.  Feeding  wethers,  lambs  and  ewes  are  grouped  under 
"Wethers,  etc." 

SWINE 

Swine  are  quoted  at  a  round  figure  approximating  the  average 
value  on  these  farms  at  that  time,  as  follows:  Boar  $15;  sow  $14; 
shoat  $6.25;  pig  $2.50.  Several  fat  hogs  are  included  under  "Shoats," 
and  the  dividing  line  between  "shoats"  and  "pigs"  is  not  absolute. 
About  S}4  cents  per  pound  was  the  farm  value  of  hogs  at  the  time 
the  inventories  were  taken. 

MACHINERY,  TOOLS,  ETC. 

As  stated  elsewhere,  the  first  cost  of  the  great  number  of 
minor  articles  of  farm  equipment  not  mentioned  in  Table  XIII 
would  probably  be  from  $200  to  $300  by  the  time  the  outfit  was 
complete  for  the  average  Ohio  general  farm  of  160  acres.  This 
figure,  however,  would  include  an  appropriation  of  $50  or  more  for 
repair  materials,  which  in  this  report  are  invoiced  with  produce, 
supplies,  etc.  Taking  all  the  minor  items  other  than  repair  mater- 
ials for  33  farms,  using  the  ordinary  retail  prices  and  dividing  by 
the  number  of  farms,  the  firs"t  cosf  of  minor  items  for  the  average 
farm  of  167  acres  was  found  to  be  about  $190. 

In  taking  an  inventory  of  the  small  items  many  were  doubtless 
omitted,  and  $200  is  probably  a  low  enough  figure  to  allow  for  the 
average  equipment  of  this  sort. 

TABLE  XIII.  NUMBER  OF  MAJOR  ITEMS  OP  PERSONAL  PROPERTY  FOUND  ON  81 
OHIO  FARMS.  WITH  THE  AVERaQB  NUMBER  OP  BACH  ITEM  FOR  ALL  FARMS, 
AND  FOR  EACH  FARM  REPORTING  THE  ITEM,  THE  APPROXIMATE  COST  OF  EACH 
ITEM.  AND  THE  AVERAGE  COST  OF  EACH  ITEM  FOR  EACH  OF  THE  21  FARMS. 


Kame  of  Article 


Horse— General  purpoee. 

Horse— Drivimr 

Horse— Draft 

HorBe— Draft  and  brood. 

Colts 

AU  horses 

Double  work  harness.. .. 
Siziflrle  work  harness. .... 
Double  liffht  harness. — 

Sinffle  liffht  harness 

BulL 

Milcli  cows. 

Younff  dairy  stock    .  — 

Beef  steers. 

Younff  beef  stock 

Ran3 

Ewe» — breeding 

Wethers*  etc 

Boar. 

Brood  sow 

Sboat 

Piar 

Hen 

Rooster... 

Other  poultry 


Number 
reported 


6.0 
17.0 
73.0 
15.0 
38.0 

149.0 
62.0 
2.0 
11.0 
41.0 
10.0 

163.0 
76.0 
43.0 
40.0 
21.0 

361.0 

482.0 

8.0 

90.0 

288.0 

226.0 
1768.0 

113.0 
44.0 


Naof 
farms  re- 
porting- 


3 

10 

18 

6 

13 

21 

21 

2 

11 

21 

10 

21 

16 

2 

4 

8 

9 

4 

9 

15 

13 

11 

21 

20 


Av.  No. 
per  farm 
reporting- 


2.0 

1.7 

4.06 

26 

2.92 

7.1 

2.5 

1.0 

1.0 

2.0 

1.0 

7.8 

6.0 

2.6 

10.0 

2.6 

40.1 

120.5 

0.9 

6.0 

22.1 

20.5 

84.2 

5.7 

4.9 


Av.  No. 
per  farm, 
all  farms 


029 
0.81 
3.48 
0.71 
1.82 
7.10 
2.48 
0.10 
0.62 
1.95 
0.47 
7.76 
3.57 
2.04 
1.90 
1.00 
17.19 
22.90 
3.80 
4.28 
13.71 
10.76 
84.19 
6.38 
2.09 


Approxi- 
mate cost 
or  value 


$140.83 

104.12 

145.82 

131.00 

92.11 

125.64 

35.00 

20.00 

25.00 

15.00 

100.00 

40.00 

16.00 

44.00 

18.00 

10.00 

6.25 

3.50 

15.00 

14.00 

5.00 

2.60 

0.55 

0.55 

1.00 


Total  cost 
or  value 
per  farm, 
all  farms 


$40.24 
81.29 

606.90 
93.57 

166.66 

891.66 
86.80 
2.00 
13.00 
29.25 
47.00 

300.40 
57.12 
89.76 
31.20 
10.00 

107.44 
80  15 
5.70 
59.92 
68.55 
26.90 
46.30 
2.96 
^.09 
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TABLB  XIII.    Continued. 


Nam«  of  article 


Bees  (stand) 

Walkinir  plow 

Sulky  plow 

Ganir  plow 

Spike  tooth  harrow 

Sprinir  tooth  harrow 

Acme  harrow  

Disc  or  cutaway  harrow . . 

Roller  or  crusher 

Flanker 

Weeder 

Shovel  plow 

Manure  spreader 

Com  Btalk  cutter 

Farm  waffon  and  box 

Truck  or  "handy'*  wairon 

Sprinir  wairon 

Road  cart 

Handcart 

Carriage. 

Buiriry 

Sled 

Cutter  or  Bleiirh 

Road  drair  

Stone  boat 

Stock  rack 

Gravel  or  dump  bed 

Scraper  or  slip 

Gasoline  enirine 

Babcock  tester. 

Aerator 

Refrigerator. 

Cream  separator 

Combination  chum 

Com  planter-1  horse — 

Corn  marker 

Corn  planter— 2  horse. .. . 
Cultivator— 2  or  3  horse. . 

Cultivator-1  horse 

Com  binder 

Sled  harvester 

Com  shocker 

Com  shredder 

Ensilage  or  fodder  cutter- 

Com  sheller 

Circular  woodsaw 

Grain  binder 

Grain  drill 

Fanninir  mill 

Reaper 

Hay  loader 

Mower 

Hay  rack 

Hay  rake— sulky 

Hay  rake  —wooden 

Wheelbarrow  seeder 

Tedder 

Potato  cutter 

Potato  planter " 

Potato  sprayer 

Potato  plow  (diirirer) 

Pot ato  diir srer 

Potato  sorter 

Sap  evaporator 

Sap  firatherinir  tank 

Sap  storaire  tank 

Sap  sled 

Orchard  sprayer. 

C:der  mill 

Fertilizer  spreader 

Feed  g^rinder 

Fruit  evaporator 

Litter  carrier 

Beet  cutter 

Beet  lifter 

Tread  power 

Incubator 

Brooder 


Number 
reported 


0.5 
3.5 
3.5 
4.0 
2.5 
2.0 
6.0 
4.0 
8.0 
3.0 
5.0 
3.0 
1.5 
3.0 
2.0 
1.0 
1.0 
1.0 
1.0 
4.0 
2.0 


No.  of 
farms  re- 
porting 


8 
21 
4 
6 
21 
6 
1 

19 
14 
10 
15 
14 
13 
I 
21 
II 
10 
6 
4 
13 
20 
15 
9 
3 
10 
4 
3 
3 
5 
2 
1 
1 
8 
1 


10 

17 

18 

6 

2 

2 

2 

6 

13 

5 

18 

15 

12 

2 

6 

21 

18 

19 

1 

2 

10 

1 

4 

4 

4 

3 

2 

6 

4 

6 

3 

6 

3 

2 

4 

2 

1 

1 

1 

1 

3 

2 


Av.No. 
per  farm 
reporting 


4.3 

1.9 

1.0 

1.0 

13 

1.2 

1.0 

1.0 

1.0 

1.1 

0.9 

1.1 

0.9 

1.0 

1.3 

1.0 

1.1 

1.2 

1.0 

1.1 

1.6 

1.3 

1.0 

1.0 

1.5 

1.3 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

I.O 

1.0 

0.8 

1.8 

1.5 

0.7 

1.0 

1.0 

03 

1.0 

1.1 

1.0 

0.9 

1.1 

1.0 

0.5 

0.9 

1.11 

1.2 

0.9 

1.0 

1.0 

1.0 

0.5 

0.9 

0.9 

1.0 

0.8 

1.0 

1.0 

1.0 

1.6 

1.0 

0.8 

1.0 

0.8 

0.8 

1.0 

1.0 

1.0 

1.0 

1.0 

1.3 

1.0 


Av.  No. 
per  farm, 
all  farms 


Approxi- 
mate cost 
or  value 


$  2.50 
10.00 
35.00 
65.00 
15.00 
16.00 
18.00 
33.00 
25.00 
3.00 
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The  prices  for  harness,  machinery,  etc.,  in  Table  XIII  are,  as 
nearly  as  can  be  ascertained,  the  usual  retail  prices  prevailing:  in 
Ohio  for  new  articles.  Both  farmers  and  merchants  were  consulted 
in  the  effort  to  obtain  these  figures,  but  of  course  they  are 
merely  sug'gestive.  The  first  values  shown  later  in  Table  XIV 
include  both  first  and  second  hand  prices  and  may  be  reg'arded  as 
indicative  of  the  usual  farm  practice. 

In  making"  up  a  list  of  machinery  for  the  average  farm  there  are 
so  many  factors  to  be  taken  into  consideration  that  a  generalization 
would  be  of  little  value.  The  number  of  any  single  item  reported 
for  all  the  farms,  the  average  for  all  farms,  the  percentage  of  farms 
reporting  the  article,  and  the  number  of  articles  per  farm  reporting 
are  all  to  be  regarded  as  useful  in  separating  the  necessary  items 
from  those  only  occasionally  or  rarely  used.  A  careful  study  of  the 
first  four  columns  in  Table  XIII  is  recommended  as  of  more  value 
than  a  suggested  list,  especially  with  the  major  items  of  equipment 
shown  in  this  table.  For  the  purpose  of  this  study  it  is  desired 
only  to  obtain  an  average  figure  for  the  total  first  cost  of  machinery 
and  tools,  hence  the  average  number  of  each  item  on  the  21  farms 
is  multiplied  by  the  usual  cost  and  the  total  secured  in  this  way. 

T'OTAL  COST  OF  EQUIPPING  THE  FARM 

From  the  foregoing  discussion  it  will  be  possible  to  make  a  sum- 
mary, showing  more  or  less  accurately  the  first  cost  of  equipping 
the  **average  farm"  under  consideration.  In  the  case  of  livestock 
and  produce,  supplies,  etc.,  the  actual  inventory  valuations  are  taken 
from  Table  VII  rather  than  approximations  which  might  be  obtained 
from  Table  XIII. 

The  total  would  be  as  follows: 

Land,  165.88  acres  at  $46.25  (average) $  7,676.42 

Farm  buildings 2,700.00 

Household  buildings 2,500.00 

Fences   763.74 

Drainage 366.43 

Water  Supply 225.00 

Work  Animals 640.71 

Colts  and  driving  horses 250.95 

Cattle 582.26 

Sheep 201.05 

Swine , 158.34 

Poultry 52.60 

Bees 3.23 

Harness 131.05 

Machinery 1,125.48 

Minor  articles  200.00 

Produce,  supplies,  etc 631.93 


Total $18,209.19 
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As  the  practice  in  housing'  poultry  on  the  averag^c  farm 
is  bad,  this  fi^rnre  might  be  slightly  increased,  althou^rh  much  more 
desirable  poultry  houses  mig-ht  be  constructed  as  economically  as 
the  average  ones  used. 

Total  value  of  real  estate $14,231.59 

Total  Talue  of  perBonal  property 3,977.60 

Percentage  inrestcd  in  real  estate 78.15 

Percentage  invested  in  personal  property 21.85 

In  actual  practice  innumerable  factors  enter  in  to  reduce  the  cost 
of  equipping"  farms.  Few  (arms  in  the  older  sections  of  the  United 
States  like  Ohio  are  equipped  outright  with  new  buildings,  fences 
and  machinery,  and  the  summary  just  griven  would,  of  course,  apply 
only  in  these  few  cases.  It  is  interesting,  however,  in  showing  the 
amount  of  money  which  can  be  spent  over  a  course  of  years  in 
bringring  the  equipment  up  to  a  profitable  working-  basis.  The  21 
farms  studied  in  such  detail  are  not  in  any  sense  exceptional  or 
"model"  farms.  They  represent  a  larg^e  class,  probably  more  suc- 
cessful than  the  averag:e,  and  no  doubt  the  detailed  estimates  of 
their  average  equipment  cost  will  be  found  helpful,  as  a  guide  to 
planning*  the  proper  distribution  of  capital. 

UNIT  EQUIPMENT  COSTS 

The  third  phase  of  this  study  was  made  less  prominent  than 
the  two  already  discussed.  This  phase  is  that  of  current  equip- 
ment charges  on  farm  operations,  including^  machinery  costs  per 
acre  of  crop,  building  charges  per  head  of  livestock,  and  storage  or 
building  charg-es  per  unit  of  products.  From  the  circulars  sent  out 
to  the  Ohio  corn  growers,  from  Mr.  Thompson's  notes  and  from 
the  inventories  on  the  farms  of  cooperators,  have  been  gathered 
considerable  data  regarding  the  machinery  costs,  but  the  determin- 
ation of  annual  and  unit  costs  of  buildings,  fences,  etc.,  has  not  been 
attempted  because  of  the  meager  information  at  hand. 

That  there  is  a  distinct  cost  each  year  for  buildings,  fences 
and  other  improvements  is  undisputed,  but  the  exact  amount  is 
difl&cult  to  ascertain,  owing  to  the  lack  of  information  concerning 
the  rate  of  depreciation  on  such  equipment.  The  depreciation  on 
the  modern  steel  wire  fences  is  rapid,  and  often  excessive,  while 
many  c  f  the  old  rail,  wire  and  picket  fences  are  in  good  condition 
after  years  of  service.  The  ordinary  farm  usually  has  from  three 
to  ten  kinds  of  fence,  hence  the  securing  of  data  of  this  sort  was 
found  to  be  too  complex  for  the  present  study.  Building  deprecia- 
tion varies  with  the  construction  and  subsequent  care,  as  well  as 
with  the  use  to  which  different  structures  are  put.  The  increase 
ill  the  cost  of  construction  during  the  last  generation  has  equalled 
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if  not  exceeded  the  depreciation  from  the  ori^rinal  value,  hence  the 
determination  of  interest  and  depreciation  involves  more  study  than 
could  be  given  at  this  time.  The  annual  deterioration  in  condition 
is  probably  from  2  to  5  percent  of  the  original  standard  in  case  of 
building's,  and  from  6  to  20  percent  in  case  of  fences.  If  no  change 
occurs  in  the  cost  of  construction,  the  annual  depreciation,  repair 
and  interest  charges  could  be  added  and  the  total  charge  apportioned 
to  the  various  units,  but  further  investigation  is  necessary  before 
averages  can  be  presented  in  this  connection. 

Regarding  machinery  costs  the  problem  is  simpler.  Prices 
have  not  changed  so  materially,  the  annual  rate  of  depreciation  is 
more  easily  obtained,  and  the  amount  of  use  each  year  more  easily 
reduced  to  a  unit  basis.  Table  XIV  shows  in  detail  the  data  on 
machinery  costs,  either  on  the  annual  or  acre  basis.  The  number 
of  machines  included  in  the  final  average  is  shown  in  the  first 
column.  In  many  cases  there  were  unit  costs  which  were  clearly 
out  of  the  usual  range  of  probability,  and  these  were  discarded  in 
taking  the  average.  The  first  value  at  time  of  purchase  by  the 
farmer  reporting  is  shown,  this  average  including  many  second- 
hand machines.  The  ''second  value"  is  the  inventory  rather  than 
the  sale  value.  The  average  investment  is  obtained  by  averaging 
the  first  value  and  the  value  at  the  beginning  of  the  last  season. 
The  latter  is  obtained  by  adding  to  the  value  at  the  close  of  the  last 
season,  as  shown  by  the  inventory,  the  average  depreciation.  This 
method  produces  the  same  result  as  would  be  obtained  by  assuming 
that  the  rate  of  depreciation  were  constant  throughout  the  period  of 
use  of  the  machine  up  to  date  and  averaging  the  values  at  the  begin- 
ning of  each  season.  The  method  involves  a  slight  possibility  of 
error,  due  to  the  fact  that  the  repairs  are  not  put  on  at  a  constant 
annual  rate,  and  the  actual  difference  in  inventory  would  be  some- 
what affected.  The  discrepancy  would  be  negligible.  The  average 
years  in  use  up  to  the  last  date  of  inventory  is  shown,  and  from 
this  and  the  difference  between  the  first  and  second  values,  the 
annual  rate  and  percentage  of  depreciation  are  obtained,  the  per- 
centage being  based  on  the  first  value.  The  repairs  per  year  are 
from  actual  records  or  careful  estimates.  The  interest  is  calculated 
at  five  percent  on  the  average  investment.  The  annual  cost  is  the 
sum  of  depreciation,  repairs  and  interest.  The  lowest  and  highest 
acre  costs  for  difl^erent  machines  are  shown,  though  these  are  not 
always  included  in  the  average.  The  lowest  figure  is  usually  for  a 
second-hand  machine  used  on  a  large  acreage  or  for  a  long  period, 
while  the- largest  is  usually  for  a  new  machine  given  very  little  use. 
Extra  machines  on  any  farm  show  a  much  higher  cost  taan  those  in 
ordinary    use.     The  interest  charge  is  the   greatest  factor  in  the 
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co8t  of  little  used  machinery,  emphasizing:  the  advantage  of  utilizing 
machines  to  their  maximum  capacity.  All  data  in  Table  XTV  are 
averages  of  the  entire  group  and  not  a  mean  between  individual  costs. 

1  he  wide  variation  in  acre  cost  of  all  machinery  suggests  the 
necessity  for  considering  the  acreage  per  year  as  an  extremely 
important  factor.  For  instance,  sixty  corn  planters  averaged  50.1 
acres  per  year  at  g.n  acre  cost  of  8.1  cents;  24,  averaging  63  acres, 
cost  between  4  and  8  cents  per  acre;  and  15,  averaging  34  acres, 
cost  from  10  to  13  cents  per  acre.  This  separation  of  planters  into 
two  groups  was  suggested  by  the  appearance  of  curves  plotted  to 
show  the  frequency  of  different  acre  costs  for  all  the  machines. 
Extremely  high  costs  in  a  few  cases  were  sufficient  to  raise  the 
averages  considerably  above  the  cost  occuring  most  frequently. 
The  curve  of  planter  costs  showed  two  distinct  groups,  with  the 
average  midway  between.  It  is  evident  that  machinery  costs  should 
be  studied  for  different  acreages,  especially  since  the  annual  cost  of 
the  same  machine  on  different  farms  varies  much  less  widely  than 
the  acre  costs. 

Only  9  out  of  130  walking  plows  cost  over  20  cents  per  acre  and 
these  were  excluded  from  the  average.  The  question  of  plow  costs 
in  the  "hill  section"  was  raised.  Twenty  plows  in  this  section 
showed  an  average  of  6.1  cents  per  acre  and  a  mean  of  individual 
costs  of  7.2  cents.  The  first  value  was  $13.20;  second  value,  $6.80; 
average  investment,  $10.40;  years  used,  9.15;  annual  depreciation,  71 
cents;  percentage  of  depreciation,  5.3;  acres  per  year,  26.3.  The 
uniformity  of  these  figures  with  the  average  for  the  whole  number 
was  surprising,  especially  in  view  of  the  low  percentage  of  crop 
area  in  case  of  many  farms  in  this  section. 

The  cost  shown  for  cultivators,  harrows,  rollers,  plankersand 
weeders  is  on  the  basis  of  one  acre  covered  once,  or  the  "acre  time.' 
Since  in  the  tillage  of  an  acre  of  land  the  same  implement  maybe 
used  a  varying  number  of  times  the  acre  time  is  considered  a  more* 
logical  unit  than  the  acre.  One  spring  tooth  harrow  covering  a 
total  of  250  acres  per  year  at  0.7  cents  per  acre  time  and  one  cover- 
ing 10  acres  per  year  at  17  cents  per  acre  time  are  omitted  from  the 
average.  The  roller  operating  at  0.4  cents  per  acre  time  was  used 
300  acre  times  per  year.  Excluding  this  one,  the  cost  per  acre  time 
was  2.4  cents.  About  4-5  of  the  rollers  cost  between  0.5  and  5  cents 
per  acre  time.  The  wooden  planker,  drag,  or  float,  as  it  is  variously 
called,  is  usually  home-made,  hence  the  low  first  cost.  Many  home- 
made wooden  rollers  are  also  found.  Weeders  range  rather 
uniformly  from  2  to  12  cents  per  acre  time.  One,  which  covered 
the  equivalent  of  300  acre  times  per  year  at  a  cost  of  0.3  cent  was 
omitted  from  the  average. 
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No  records  are  at  hand  as  to  the  acres  covered  by  many  of  the 
manure  spreaders,  and  of  course  the  cost  of  fanning  mills,  wagfons, 
corn  shredders,  ensilage  cutters  and  corn  shelters  can  not  well  be  re- 
duced without  difficulty  to  an  acre  basis.  Annual  costs  are  given  in 
these  cases.  The  mean  acre  cost  of  12  spreaders  was  87  cents,  and 
the  mean  cost  (or  machinery  charge)  per  load  for  12  other  spreaders 
was  5.9  cents.  It  is  interesting  to  note  that  the  average  years  in 
use  for  spreaders  is  much  lower  than  that  of  most  machines.  The 
majority  of  spreaders  in  use  are  probably  innovations  on  the  various 
farms,  hence  the  cost  data  are  more  difficult  to  secure  than  those 
for  machines  introduced  earlier. 

Excluding  second-hand  implements,  the  cost  per  acre  time  for 
one-horse  cultivators  ranges  from  2.6  to  6.8  cents,  with  the  greater 
number  between  4  and  5  cents.  A  few  three-horse  (double  row) 
cultivators  are  included  with  the  two  horse.  Only  3  of  the  2- or 
3-horse  cultivators  cost  over  13  cents  per  acre  time.  One  of  these 
was  an  extra  cultivator,  bought  second-hand  and  used  on  only  IS 
acres  in  4  years.  The  bulk  of  cases  ranged  between  1  and  10  cents 
per  acre  time,  35  out  of  102  being  between  2  and  4  cents,  24  between 
4  and  6  cents,  and  12  below  2  cents. 

The  acre  cost  of  corn  binders  varies  greatly,  but  in  about  half 
the  cases  was  between  25  and  45  cents  per  acre.  Two  sled  har- 
vesters cost  less  than  10  cents  pei-  acre.  The  corn  shockers 
reported  were  used  on  a  much  lower  acreage  than  the  corn  binders, 
with  a  much  higher  acre  cost.  The  wide  variation  in  size  and  first 
cost  of  ensilage  cutters  makes  the  average  of  doubtful  value.  Two 
cutters  cut  about  120  tons  each  per  year  at  costs  of  about  7  cents  per 
ton,  while  another  cut  about  1,250  tons  per  year  at  a  cost  of  2.9  cents 
per  ton.  Three  two-hole  corn  shellers  had  a  mean  cost  of  $2.01  per 
year,  while  7  out  of  8  one-hole  shellers  cost  less  than  60  cents  per 
year.  The  few  years  in  use  undoubtedly  account  for  the  remark- 
ably low  repair  cost  in  the  case  of  the  corn  shredder.  Fourteen 
grain  binders  cost  between  15  and  30  cents  per  acre.  Grain  drills 
ranged  very  uniformly  between  annual  costs  of  about  $1  and  $10, 
and  acre  costs  of  from  6  to  20  cents. 

The  acre  cost  of  mowing  machines  varied  uniformly  between  4 
and  18  cents,  35  out  of  45  machines  being  within  these  limits.  The 
annual  cost  of  20  out  of   35  hay  rakes  was  between    $1  and  $2.50. 
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The  cost  of  these  20  rakes  ranged  from  2.4  to  16.8  cents  per  acre 
time,  with  a  mean  of  7.3  cents.  This  is  probably  a  better  fig^ure 
than  the  average  (5.5  cents)  give  in  Table  XIV.  In  the  latter  are 
ii\cluded  a  number  of  revolving  wooden  rakes  and  second-hand  steel 
rakes  it  a  cost  of  0.5  to  2.5  cents  per  acre,  and  two  side-delivery 
rakes  at  17.1  and  29.4  cents,  respectively.  Thirteen  out  of  20  hay 
tedders  cost  between  15  and  25  cents  per  acre.  The  lowest  figure 
is  for  a  second-hand  machine  and  the  highest  for  a  machine  tedding 
an  average  of  5  acres  per  year.  The  lowest  annual  wagon  costs  are 
due  to  truck,  or '*handy"  wagons  and  to  those  not  purchased  new. 
Sixty  percent  of  wagon  costs  are  between  $4  and  $8  per  year. 

Figures  3  and  4  give  diagrams  to  illustrate  the  frequency  of 
various  acre  and  annual  costs  for  different  machines.  The  height 
of  the  points  on  each  curve  indicates  the  relative  number  of  machines 
with  costs  within  the  range  indicated  by  the  figures  on  the«base  line. 
Of  walking  plows,  for  instance,  8  cost  between  2  and  4  cents  per 
acre,  22  between  4  and  6  cents,  and  so  on.  The  average  cost  for  the 
entire  group  is  shown.  Usually  it  is  higher  than  the  acre  or  annual 
costs  which  are  most  frequent,  owing  to  the  influence  of  abnormally 
high  costs.  Where  the  latter  were  widely  separated  from  the 
others,  as  in  the  case  of  one  manure  spreader  with  an  annual  cost  of 
$49.38  and  3  wagons  costing  over  $11  per  year,  they  are  not  shown 
Dn  the  diagram.  The  curves  show,  more  clearly  than  the  average, 
the  cost  of  the  greater  number  of  machines,  but  the  average  is 
(valuable  because  of  the  consideration  given  to  the  most  and  least  as 
ivell  as  the  normally  expensive  ones. 

While  the  lack  of  numbers  makes  the  data  suggestive  raiher 
than  conclusive,  they  present  a  fair  basis  for  estimates  of  the 
machinery  cost  of  producing  crops. 

SUMMARY 

Proper  organization  is  prerequisite  to  successful  farm  manage- 
nent.  Proper  organization  refers  not  only  to  the  cropping  system, 
ive  stock  management,  etc.,  but  to  the  distribution  of  capital  and 
he  selection  of  equipment.  This  study  of  a  number  of  Ohio  farms 
ioes  not  afford  sufficient  data  from  which  to  draw  general  conclu- 
ions,  but  illustrates  by  concrete  example  many  of  the  factors  to  be 
aken  into  consideration  in  equipping  farms.  Further  study  along  the 
ines  indicated  should  provide  data  of  great  value  to  the  farm  man- 
grer.  This  outline  of  some  of  the  economic  problems  involved  in 
he  equipment  of  farms  is  presented  as  worthy  of  the  attention  of 
tudents  of  farm  management  and  of  farm  economics  in  general. 
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TWO  RECENT  IMPORTANT  CABBAGE 
DISEASES  OF  OHIO 

By  TH08.  F.  if  ANNS 
INTRODUCTION 

Many  areas  in  Ohio  have  soils  which  are  well  adapted  to  truck- 
ing crops  or  other  lines  of  intensive  culture.  The  number  of  large 
cities,  together  with  excellent  shipping  facilities,  greatly  stimulates 
such  enterprises.  As  a  rule  these  districts,  when  carefully 
managed,  have  paid  the  investors  good  returns  upon  their  invest- 
ments. Too  often,  however,  the  history  of  the  districts  exploited 
for  certain  intensive  cropping,  with  their  manufacturing  plants  for 
utilizing  the  products,  has  been  that  of  final  failure.  Under 
intensive  culture,  where  large  profits  are  apparently  assured,  the 
tendency  is  to  select  the  better  part  of  the  farm,  keep  it  abundantly 
fertilized,  and  practice  close  or  continuous,  one-crop  culture. 

ONB-CROP  CULTURE  OFTEN  FATAL 

There  are  but  few  of  our  many  crops  which  may  be  grown 
successively  on  the  same  area  without  sooner  or  later  bringing 
about  soil  sickness  by  the  introduction  of  many  persistent  fungus 
and  insect  enemies.  Fig.  1  shows  a  field  cropped  for  the  first 
time  with  cabbage — 18  percent  sick  with  *'yellows" — Fusarium  wilt; 
6  percent  sick  with  *'black-leg" — Phoma  wilt.  Among  the  very 
few  crops  which  partially  withstand  successive  cropping,  corn 
probably  sufiFers  the  least.  Aside  from  the  probability  of  causing 
"soil  sickness",  other  good  reasons  may  be  mentioned  why  the  one- 
crop  culture  should  be  little  practiced;  among  these  is  the  cost  and 
difficulty  of  maintaining  a  balanced  food  supply.  Like  the 
proverbial  chain  which  is  no  stronger  than  its  weakest  link,  a  soil 
in  no  wise  can  produce  a  larger  yield  of  a  particular  crop  than  is 
made  possible  by  the  total  available  amount  of  a  certain  plant  food 
low  in  that  soil.  For  example,  a  soil,  in  which  the  possible  potash 
availability  is  sufficient  to  produce  only  50  percent  of  a  cabbage 
crop,  will  be  limited  to  but  half  a  crop,  no  matter  how  much  money 
may  be  expended  for  other  fertilizing  elements. 
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The  one-crop  culture  makes  heavy  demands  upon  certain  plant 
foods,  e.  g.^  cabbage  in  its  needs  for  potash.  On  the  other  hand 
a  proper  rotation  distributes  these  demands  and  allows  of  longer 
periods  for  making  available  the  necessary  elements.  Hence,  the 
rotation  is  more  likely  to  have  ready  the  required  plant  foods,  than 
is  the  one-crop  culture. 

Also,  there  are  good  reasons  why  cultivated  crops,  such  as 
corn,  potatoes,  cabbage,  beans,  beets,  onions,  etc.,  should  be  made  a 
part  of  a  rotation  rather  than  otherwise,  because  of  the  opportunity 
the  extra  cultivation  afifords  of  incorporating  organic  materials 
(manures,  etc.)  into  the  soil,  and  of  leaving  the  soil  in  a  better  tilth. 

After  the  important  features  of  proper  rotation  and  fertility 
maintenance  have  been  worked  out,  probably  the  next  in  order  is  the 

IMPORTANCE  OP  SEED  AND  THE  SEED  BED 

The  object  of  this  bulletin  is  to  call  the  attention  of  cabbage 
growers  in  particular,  and  truck  growers  in  general,  to  the  possible 
means  of  avoiding  or  preventing  the  further  spread  of  certain 
fungus  parasites  which  may,  and  do,  exist  as  persistent  soil  troubles. 


"yellows"  (Fusarium  wilt).    6  percent  sick  with  "black-leer"  (Phoma  wilt}.    The 
present  were  transferred  directly  from  the  seedbed. 

Great  progress  has  been  made  during  the  past  twenty  years  in 
the  knowledge  of  plant  diseases,  their  modes  of  infestation,  their 
means  of  continuing  from  season  to  season,  and  their  manner  of  dis- 
tribution. As  a  rule,  there  are  usually  loop-holes  in  the  life  history  of 
parasites  through  which  economic  control  is  possible.  As  in  the  old 
adage,  however,  "an  ounce  of  prevention",  etc.,  is  playing  a  far 
more  important  part  in  the  control  of  plant  diseases  than  is  treat- 
ment after  the  disease  becomes  active. 
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Among  the  annual  crops,  as  far  as  the  possible  introduction  of 
persistent  fungus  soil  troubles  is  concerned,  an  insight  into  the 
seed  and  seed  bed  is  often  of  first  importance.  Is  the  seed  carrying 
the  specific  fungus  trouble?  If  so,  is  there  a  seed  treatment  that 
-will  destroy  the  spores  of  the  disease?  Second,  is  the  soil  already 
infested  where  the  seed  is  to  be  planted?  Often  a  knowledge  of 
these  facts,  when  properly  applied,  makes  the  difference  between 
success  and  failure.  ''Experience",  certainly,  "is  a  dear  teacher," 
when  through  this  process  we  learn  that  after  a  certain  plant 
disease  has  gained  a  foot-hold  in  our  fields,  it  means  we  must  drop 
from  cultivation,  for  a  decade  or  more,  a  crop  which  previously  has 
been  a  money  maker.  This  is  exactly  what  the  Fusarium  wilt 
("yellows")  of  cabbage  in  our  soils  signifies. 

HISTORY  AND  EXTENT  OF  CABBAGE  CULTURE  IN  OHIO 

Cabbage  in  Ohio  has  been  grown  by  market  gardeners  in  the 
vicinities  of  the  larger  cities  for  a  long  time.  Only  within  the  past 
twenty-five  years  has  there  been  a  tendency  among  farmers  in 
certain  districts  to  make  this  an  extensive  crop.  Much  difficulty 
is  encountered  in  obtaining  accurate  data  on  the  extent  and  value  of 
the  cabbage  crop,  as  owing  to  its  minor  importance  no  statistics 
have  been  taken. 

One  of  the  largest  cabbage  districts  includes  the  vicinities  of 
Clyde,  Greenspring, .  Fremont  and  Bellevue,  (Seneca  and  San- 
dusky counties)  where  the  kraut  industry  is  quite  extensive. 
Three  factories  are  Jocated  at  Clyde,  and  one  each  at  the  other 
towns  mentioned.  All  these  factories  have  sprung  up  within  the 
past  twenty  years;  several  within  the  last  eight  or  ten  years. 

With  the  exception  of  a  few  carloads  of  cabbage  which  are 
purchased  by  outside  buyers  and  shipped  to  Cleveland  or  other 
large  cities  for  direct  consumption,  the  large  bulk  grown  in  this 
district  is  made  into  kraut.  It  is  estimated  that  between  3,000  and 
4,000  acres  are  annually  put  to  cabbage.  The  average  annual  yield 
varies  from  six  to  nine  tons  per  acre.  The  price  fluctuates  consider- 
ably, that  is,  from  $S  to  $12  per  ton,  with  an  average  of  about  $6. 
Under  favorable  conditions  an  average  yield  of  twelve  tons  may  quite 
readily  be  reached.  Many  of  the  grov/ers  maintain  that  a  cabbage 
crop  of  9  tons  per  acre  is  a  better  paying  crop  than  corn,  wheat  or 
oats  under  fair  yields. 

During  the  past  few  years,  considerable  stimulus  has  been 
given  the  growing  of  cabbage,  through  the  kraut  factories  previously 
mentioned,  offering  to  contract  at  fair  prices  all  the  cabbage  grown. 
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There  is  always  a  fi:cod  demand  in  the  larg^e  cities  in  late 
summer  and  early  fall  for  cabbage.  It  is  very  difficult  to  g^et  data 
of  the  acreage,  yield  and  averaige  value  of  the  crop  grown  by  those 
who  cater  to  these  demands.  The  prices  vary  greatly  according  to 
the  season  and  the  location.  The  price  per  ton,  as  indicated  by 
fifteen  correspondents  catering  to  city  trade,  varies  from  $8  to  $20. 
The  total  acreage  devoted  to  cabbage  in  Ohio  probably  does  not 
exceed  8,000  to  10,000  acres.  This  area,  however,  represents  a  value 
sufficient  to  demand  statistics. 

CABBAGE  IN  OHIO  A  SHORT-LIVED   CROP 

The  history  of  cabbage  culture  in  the  several  districts  of  the 
state  points  to  the  crop  as  being  very  short  lived.  Some  of  the 
quickly  lowered  yields  have  resulted  from  rapid  soil  exhaustion. 
Few  of  the  growers  realize  that  15  tons  of  cabbage  per  acre  removes 
from  the  soil  three  times  the  quantity  of  plant  food  (nitrogen, 
phosphoric  acid  and  potash)  required  for  a  crop  of  20  bushels  of 
wheat.  This  factor,  however,  has  been  secondary  in  shortening 
the  life  of  the  crop.  The  chief  cause  of  failure  has  been  the 
introduction  and  spread  of  several  severe  cabbage  diseases. 
Chief  among  these  heretofore,  appears  to  have  been  the  brown  or 
black-rot.  Quite  recently,  however,  two  apparently  new  troubles 
have  made  their  appearance.  These  latter  have  become  very 
active  and  disastrous  in  the  districts  about  Clyde  and  Greenspring. 
In  the  newer  cabbage  districts  of  Fremont,  and  the  outlying  areas 
some  distance  from  Clyde,  Greenspring  and  Bellevue,  these 
diseases  have  made  their  appearance,  though  to  a  limited  extent. 
The  preliminary  method  of  distribution,  viz.,  through  infested  seed 
beds,  would  seem  to  offer  means  of  partial  control.  The  chief 
object  of  this  bulletin  is  to  acquaint  growers  with  these  cabbage 
troubles,  point  out  their  manner  of  distribution,  and  call  attention 
to  practices  which  will  aid  in  their  elimination  or  control. 

CABBAGE  DISEASES— THEIR  DISSEMINATION 
AND  CONTROL 

There  are  four  diseases  in  the  state  which  are  very  active  in 
reducing  the  cabbage  crop.  These  are  (1)  Brown  or  Black-Rot,  a 
bacterial  disease,  (2)  Club-Root,  a  slime  mold  disease,  (3)  Fusariam 
Wilt,  known  also  as  ''yellows",  a  fungus  disease,  and  (4)  Black-Leg 
or  Foot-Rot,  known  also  as  a  wilt,  and  likewise  a  fungus  trouble. 

The  two  first  named  diseases  have  been  known  throughout  the 
state  for  a  number  of  years  and  their  severity  is  fully  apprehended. 
The  two  latter  named  troubles,  which  apparently  have   been  active 
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with  us  for  some  six  years  or  more,  have  but  recently  been  studied 
at  this  Station.  It  is  quite  beyond  us  to  tell  why  certain  organisms 
should  have  adapted  themselves  to  a  life  of  parasitism.  But,  on  the 
other  hand,  it  is  usually  not  difl5cult  to  discover  the  means  of 
dissemination.  Of  the  four  above-mentioned  diseases  there  is  no 
evidence  whatever  that  any  one  is  carried  internally  in  the  seed 
(within  the  seed  coat)  and  the  possibility  of  such  being  the  case  is 
far  remote.  There  is  no  reason,  however,  why  the  seed  may  not 
externally  carry  the  spores  or  fruiting  bodies  of,  at  least,  the  three 
last  named  of  the  above  diseases.  From  examinations  of  washings 
of  fifteen  samples  of  seed,  by  aid  of  the  centrifuge  and  microscope, 
no  evidence  was  found  indicating  that  externally  the  seed  was 
carrying  disease;  yet,  in  order  to  eliminate  the  possibility  of  disease 
reaching  the  seed.bed  in  this  manner,  the  writer  advises  the  treat' 
menf^  of  all  seed  just  -previous  to  sowing.  Soak  the  seed  twenty 
minutes  in  a  solution  of  one  -part  formaldehyde  in  320  parts  of  water 
(1  oz.  of  40  percent  formaldehyde  in  2  1-2  gallons  of  water).  The 
cost  is  practically  nothing.  The  treatment  eliminates  the  possi- 
bility of  the  seed  carrying  disease,  while,  on  the  other  hand,  it  is 
beneficial  rather  than  injurious  to  the  seed.  This  advice  is  given, 
looking  toward  entire  prevention  of  these  diseases  getting  a  foot- 
hold in  the  seed  beds.  Under  no  circumstances  should  the  seed  bed  be 
located  on  an  area  on  which  cabbage  has  recently  been  grown ^  nor 
upon  land  that  at  any  time  has  been  known  to  have  had  sick  plants 
upon  it.  The  seed  bed  should  be  located  at  a  considerable  distance 
from  buildings  near  which  cabbage  has  been  hauled,  stored,  or  the 
refuse  parts  fed. 

It  is  now  known  that  all  four  of  the  diseases  named  on 
page  258  are  caused  by  parasites,  which  in  themselves  are  more  or 
less  persistent  soil  organisms.  Their  introduction  into  non-infested 
fields  or  localities  may  and  does  come  about  through  one  or  several 
of  the  following  ways: 

1  Through  the  seeds  carrying  the  spores  of  the  disease  on 
their  surface. 

2  Through  shipment  of  cabbages,  celery,  onions,  potatoes  and 
other  truck  crops  carrying  the  disease  from  cabbage-sick  districts; 
the  wastes  of  these  products  finally  reaching  gardens  or  fields 
which  later  are  used  as  seed  beds  for  cabbage. 

3  Through  transfer  of  seedling  cabbage  and  celery  grown  on 
cabbage-sick  soil. 

4  Through  manures  in  which  diseased  cabbage  material  has 
been  thrown,  or  carried  on  the  feet  of  men,  of  work  animals  or  of 
other  stock. 

^Experiments  conducted  Autfust  23,  1910,  and  following  show  that  cabbaire  seed  will  stand  heavj^ 
treatment  with  formaklebyde. 
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5  Through  machines,  plows,  drags,  cultivators,  etc.,  being 
taken  from  sick  fields  to  those  not  infested.  •    ■ 

6  Through  transferring  the  disease  in  handling  seedlings, 
making  infection  possible  by  bruising,  or  the  breaking  of  the  leaves. 

7  Through  insects,  such  as  the  adults  of  the  cabbage  or 
radish  maggots,  lice,  and  others.  Especially  does  this  seem  true 
of  the  Black  or  Browm  Rot  of  cabbage,  a  bacterial  disease,  and  the 
black-leg.* 

8  Through  wind  and  running  water. 

GENERAL  TREATMENT 

Having  enumerated  above  the  ways  in  which  these  diseases  are 
likely  to  be  disseminated,  the  next  question  is,  what  measures  may 
be  used  in  their  control?  In  new  localities  adapted  to  cabbage,  and 
areas  distant  from  infested  localities,  the  problem  is  not  a  diflScult 
one.  Treatment  of  seed  previous  to  planting  should  be  practiced. 
In  nowise  should  cabbage,  cauliflower  or  celery  seedlings  be 
purchased  unless  known  to  have  been  grown  on  soil  free  from 
cabbage  diseases.  Care  should  be  taken  to  see  that  no  manures 
are  used  containing  cabbage  or  other  truck  crop  litter.  The  seed 
bed  should  always  be  placed  on  a  new  and  somewhat  distant  area 
each  year.  A  satisfactory  rotation  should  be  practiced,  for  example: 
wheat,  clover,  cabbage  and  corn;  the  second  crop  of  clover  to  be 
left  and  the  sod  to  receive  IS  to  20  tons  of  manure;  this  to  be 
supplemented,  at  the  time  of  preparation,  by  an  application  of  300 
to  600  lbs.  of  a  first  grade,  complete  fertilizer  high  in  potash.  Two 
to  four  hundred  pounds  of  common  salt  is  also  recommended.  The 
lime  content  of  a  cabbage  field  should  always  be  kept  high.  In  case 
manure  cannot  be  obtained,  the  turning  under  of  a  clover  crop, 
supplemented  by  700  to  900  lbs.  of  a  complete  fertilizer  high  in 
potash  is  to  be  recommended.  Where  commercial  fertilizer,  alone, 
is  to  be  relied  upon,  fully  2000  lbs.  of  a  mixture  of  400  pounds  each 
of  nitrate  of  soda  and  mi.rtate  of  potash  with  1200  pounds  of  acid 
phosphate  should  be  used  it  a  nif^ximum  crop  is  to  be  expected. 
WHAT  TO  DO  IN  AREAS  ALREADY  INFESTED 

Too  much  emphasis  cannot  be  placed  upon  the  persistent 
nature  of  these  organisms  when  once  placed  in  the  soil.  Though 
no  complete  data  are  to  be  found  indicating  the  length  of  time  any 
one  of  these  organisms  may  persist  in  the  soil  without  the  inter- 
vention of  a  cabbage  crop,  the  evidence  is  quite   sufficient  to  show 

*In  the  followinff  references,  insects  have  been  recoarnuDcd  as  agents  in  the  distribution  of  diseases* 

^Smith,  Erwin  P.,  The  Black  Rot  olthe  Cabbatre,  Farmers'  Bulletin  68:  1898  U.  S.  D.  A. 

«Zeitschrift  fur  Pflanzenkrankheiten,  16:  257-276;  1906,  "Krebstrfinke"  and ''Fallsucht"  beideo 
Kohlpflanzen,  verureacht  von  Phoma  oUracea  Sacc.,  by  Prof.  J .  Ritzema  Bos.  (Wareninfren.) 

«Zeitschrift  fur  Pflanzenkrankheiten.  17:  258-267.  1907.  Neue  Koblkrankheiten  in  Nord  HoUaod, 
by  Dr.  H.  M.  Quanjer,  (Waffeniniren.) 
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that  six  to  eigfht  years  will  not  be  adequate  to  remove  the  organism 
of  the  Fusarium  wilt.  In  the  case  of  the  other  troubles,  they  may 
not  be  quite  so  persistent;  this  much  is  true  nevertheless,  proper 
rotations,  in  which  are  included  gfrass  or  g^rain  crops,  are  the  only 
means  known  at  present  to  remove  these  diseases  from  the  soil. 
A  partial  exception  should  be  made  in  the  use  of  lime  for  the  pre- 
vention of  club-root.  There  are  always  to  be  found,  in  cabbage- 
sick  districts,  some  fields  which  have  not  yet  become  infested. 
Only  through  the  greatest  precautions  can  such  fields  be  kept  from 
becoming  diseased.  The  seed  beds  must  be  kept  free  from  disease. 
Two  or  more  seed  beds  in  different  places  may  be  started,  and 
plants  only  from  the  healthiest  be  used.  Tools,  machinery  and 
animals  should  not  be  taken  directly  from  infested  fields  to  those 
not  infested,  as  this  will  be  a  sure  way  of  distributing  disease.  The 
cleaning  of  implements  after  use  in  infested  fields  should  be 
practiced.  Cattle,  sheep  or  other  stock  should  not  be  allowed  to 
pasture  promiscuously  from  infested  to  non-infested  fields.  In  no 
wise  should  manure  containing  cabbage  litter,  or  made  by  animals 
running  over  sick  fields,  be  used  on  non-infested  areas.  These 
precautions  may  seem  rather  severe,  but  the  writer's  experience 
with  the  distribution  of  flax-wilt  (a  Fusarium  disease)  in  the  north- 
western states  has  emphasized  the  old  adage,  ^^Eternal  vigilance  is 
the  price  of  clean  land."  In  this  respect,  i-a  persistent  soil  disease 
should  be  regarded  as  even  more  disastrous  than  a  noxious  weed; 
the  latter  may  be  uprooted,  while  the  former  requires  4  to  10  years 
or  more  of  systematic  cropping  for  its  elimination. 

Some  knowledge  of  each  of  these  specific  diseases  is  required  in 
order  to  practice  the  most  effective  methods  for  their  control  and 
prevention.  In  the  description  given  below  of  each  of  the  particular 
troubles,  further  precautions  or  recommendations  are  given,  which 
apply  to  each  disease  specifically.  In  case  of  doubt  as  to  methods 
of  procedure,  or  as  to  identification  of  the  trouble,  the  experience  of 
the  Department  of  Botany  at  the  Experiment  Station  should  be 
called  into  service. 
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WILT,  FUSARIUM  WILT  OR  YELLOW^S 
OF  CABBAGE 

Fusarium  sp. 

This  disease  has  been  known  in  the  eastern  cabbage  districts 
for  some  time,  though  little  has  been  done  upon  it  by  scientific 
workers.  Recently  Mr.  L.  L.  Harter*,  of  the  United  States  De- 
partment of  Agriculture,  has  published  in  Science  results  of  in- 
fection and  other  experiments  in  which  the  causative  organism  is 
shown  to  be  a  fungus  of  the  genus  Fusarium.  Dr.  E.  F.  Smith 
first  called  attention  to  this  trouble  in  1895. 

We  have  experienced  no  difficulty  in  obtaining  the  Fusariam 
parasite  from  the  sick  plants.  In  infected  seedlings  or  the  early 
stages  of  the  disease  more  success  is  met  with  in  securing  cultures 
free  from  contamination  (See  Figs.  13  and  14,  p.  274).  Cabbage 
specimens  from  a  number  of  fields  in  the  vicinity  of  Clyde,  San- 
dusky county,  have  yielded  the  fungus.  The  other  localities 
from  which  infected  plants  (giving  the  organism  in  cultures)  have 
been  obtained,  are  Greenspring,  Seneca  county;  Fremont,  San- 
dusky county;  Englewood,  Montgomery  county,  and  Armenia, 
Washington  county.  The  disease  has  also  been  reported  from 
St.  Bernard,  Hamilton  county;  Waynesburg,  Stark  county;  Orrville, 
Wayne  county;  Lodi,  Medina  county,  and  Newark,  Licking  county. 

This  disease  has  not  been  reported  in  Europe  to  the  writer's 
knowledge. 

The  severity  of  the  disease  in  the  vicinity  of  Clyde  and  Green- 
spring  makes  it  imperative  that  precautions  be  taken  at  once  to 
check  its  distribution,  or  the  cabbage  industry  will  soon  be  one  of 
history  so  far  as  these  vicinities  are  concerned. 

For'just  how  many  years  this  disease  has  been  active  in  these 
localities  is  hard  to  determine.  By  inquiry  among  the  more  ob- 
serving of  those  who  have  grown  cabbage  a  number  of  years,  the 
evidence  seems  sufficient  to  indicate  that  for  six  to  eight  years  the 
trouble  has  been  making  considerable  headway  in  decreasing  the 
yields.  The  persistent  nature  of  the  organism  as  a  soil  trouble 
further  indicates  that  six  to  eight  years  of  other  than  cabbage 
cropping  is  not  sufficient  time  to  remove  it.  In  other  words,  a  field 
which  has  become  thoroughly  sick  with  this  disease  will  not  again 
be  capable  of  producing  a  healthy  or  satisfactory  crop  of  cabbage 
in  six  to  eight  years.  Other  crops,  excepting,  possibly,  cauli- 
flower, mustard  and  related  plants,  will  do  well  upon  cabbage-sick 
land.  The  length  of  time  required  to  remove  this  organism  from 
the  soil  has  not  been  determined.     With  heavy  manuring  and  tilled 

^Science   N.  Ser.    80:  No.  782,  p.  934/l909. 
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crops,  probably  fifteen  years  will  not  do  it.  With  much  grass 
and  £:rain  cropping,  probably  ten  years  will  suffice.  Permanent 
grass  pasture  will  do  the  work  in  the  shortest  time. 

LOSSES  FROM  THE  FUSARIUM  WILT 

The  severity  of  the  disease  depends  wholly  upon  the  amount 
of  soil  and  seed  bed  infestation.  Usually  in  new  fields,  when  the 
seed  bed  is  but  lightly  infested,  the  losses  the  first  season  seldom 
reach  higher  than  2  to  S  percent.  However,  should  the  seed  bed  be 
badly  infested,  sometimes  SO  percent  of  the  plants  wilt  within  a 
week  or  ten  days  following  the  transplanting.  Where  fields  have 
become  badly  infested,  the  injury  may  reach  95  percent  or  even 
total  loss.  (See  Fig.  2,  showing  part  of  a  10-acre  field  in  which  the 
cabbage  was  so  sick  the  owner  had  ceased  cultivating,  and  was 
allowing  grass  and  weeds  to  take  the  field.  The  yellowing  of  the 
foliage  together  with  the  dropping  of  leaves  are  characteristic  of 
the  Fusarium  wilt.  The  loss  in  this  field  was  practically  total. 
Fig.  3  illustrates  a  field  carefully  cultivated,  though  75  percent 
of  the  plants  were  already  down,  Aug.  4,  1910). 

Losses  of  from  50  to  80  percent  are  to  be  seen  in  the  older  and 
badly  infested  fields.  The  rapid  progress  of  the  disease  in  badly 
diseased  areas  is  exceedingly  discouraging  to  growers.  One  field, 
which  had  not  previously  been  in  cabbage  for  eight  years,  showed 
marked  symptoms  of  sickness,  and  a  loss  of  30  percent  was  es- 
timated. Much  of  this  sickness  appeared  to  be  carried  over  from 
the  crop  of  eight  years  before. 

SYMPTOMS  OF  THE  DISEASE 

This  trouble  in  the  vicinity  of  Clyde  is  known  as  "yellows'* — this 
term  being  applied  because  of  the  external  appearances.  In  diag- 
nosing the  disease,  this  color  characteristic  is  the  first  symptom  to 
be  relied  upon.  Later,  a  stunted  growth,  with  a  tendency  of  the 
lower  leaves  to  drop  at  the  lightest  touch  is  further  evidence  of  the 
disease.  To  the  keen  observer  these  symptoms  may  be  detected  in 
the  seed  bed  previous  to  transplanting  (See  Figs.  9  and  10,  pp.  270 
and  271).  In  these  early  stages,  the  fungus  responsible  for  the 
disease  may  be  taken  out  in  pure  culture  by  artificial  media. 
Later,  bacterial  contamination  takes  place.  (See  Figs.  13  and  14, 
p.  274.)  Plants  which  show  the  symptoms  in  the  seed  bed,  upon 
being  transplanted,  make  no  further  growth,  they  simply  wilt, 
turn  black,  and  the  lower  leaves  usually  fall  off. 

After  setting  out,  the  healthy  plants  are  attacked  at  all  stages 
of  their  growth.  In  the  older  and  later  infected  plants,  the  prelimin- 
ary symptoms  are  similar  to  those  in  seedlings;  yellowing  of  the 
lower  and  outer  leaves  takes  place;  these  leaves  later  drop,  turning  a 
drab  color,  the  lowest  first,  being  followed  successively  at  different 
times  by  others  in  their  order  (See  Fig.  4,  p.  265).       jigtzedby  vjwOglc 
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Piff.  a.    The  plants  at  tbe  center  and  left  are  infested  with  tbe  Fuaarium  disease, 
the  leaves  have  wilted  and  dropped  from  ttie  plant  at  the  center. 


Fiff .  S.  Note  the  two  plants  in  the  center  and  left  forecround  that  have  died  with 
**black  leff"  disease.  Fully  75  percent  of  the  plants  had  wUted  from  '"blaclr-lec"  ai 
previous  to  photographinff. 

Phoiograpktd  Amgmst  4,  igm,  CfyA, 
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Piff .  4.  Sbowioff  the  difference  between  tbe  work  of  the  Puearium  Wilt  (Fellows),  plant  at  center 
and  the  Phoma  wilt  (black  leg),  plant  at  riffbt.  A  complete  collar  rot  bad  Uken  place  in  the  latter 
plant. 

In  older  plants,  sometimes  stumps  nearly  full  size  may  be  seen 
that  have  shed  all  t^eir  leaves  (See  Fig.  8,  p.  269,  illustration  at  left.) 
This  deciduous  nature  of  the  leaves,  is  very  characteristic  of  the 
Fusarium  wrilt.  No  broken  lesions  are  to  be  noticed  on  the  stems  and 
roots  unless  decay  (bacterial  and  fungus  complication)  follows,  which 
does  occasionally  take  place. 

In  the  case *of  bacterial  association  the  plant  may  show  a  very 

quick  wilt.     Sometimes,  when  the  disease  has  gained    entrance    to 

the  vessels  in  one  part  of  the  cabbage,  the  yellowing  symptoms  may 

show  only  on  one  side.     Under  such  circumstances,-  a  sunken  but 

mbroken  lesion  may  be  observed    indicating    the    course    of    the 

l^ngus  (Sec  Fig.  6,  page  267).  Cross  sections  of  infected  stems  and 

\>ts,  when  not  complicated  with   bacterial  activity,  show  a  light 

>wing  or  browning  of  the  vessels.     The  presence  of   bacteria  in 

ssels  changes  this  coloring  to  a  dark  brown  or  jet  black.    This 

»g  of  the  vessels  in  advanced  cases  extends  clear  up   into  the 

^  of  the  leaves.    By  cultures,  it  is  not  difl&cult  to  demonstrate 

^.    fungus  actually  penetrates   the  petioles,  thus  definitely 

^y.    '  .  hat  fallen  leaves  are  a  means  of  disseminating  the  disease. 

M  turin     4  P^^^^s  which  have  become   sufficiently  infected  to  show 

temal        '^mptoms,  are  not  accepted  as  marketable  by  buyers. 
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Pie.  5.    Cabbaee8e«dIlnff8howiiiffthc  yellowing  symp- 
toms of  Pusarium  wilt  (See  Pig.  10). 

INFLUENCE  OF  SOIL  AND  WEATHER 

This  disease  is  less  influenced  by  soil  and  weather  conditions 
than  are  most  other  fungus  troubles.  The  g:rowers  state  that  the 
lighter,  sandy  soils  greatly  favor  the  spread  and  activity  of 
**yellows".  There  is  some  evidence  which  supports  these  stat.. 
ments.  A  light  sandy  field  east  of  Clyde,  which  on  August  4^ 
showed  about  1  percent  infected  with  the  Fusarium  wilt,  q^ 
September  13th  showed  between  IS  and  25  percent  wilted  ^ 
nearby  field  consisting  of  low,  black  soil,  which  on  the  firs'  ^^te 
showed  15  percent  sick  with  Fusarium  wilt,  had  increased  b\^  ijttle 
by  the  latter  date.  The  Fusarium  wilt  of  flax,  a  similar  jjsease, 
in  the  northwestern  states  makes  much  more  rapid  progr^gg  j^  the 
lighter  soils  of  central  North  Dakota,  than  in  the  heavy,  Ij^ck  soils 
of  the  Red  River  Valley. 
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abundance  of  humus  favors  its  spread    and  persistance  in 

il.     However,  in  this  regard  it  is  evident  that  soils  vvrhich    are 

way    suitable    for    cabbage    will    contain    sufficient   organic 

ial  to  supply  the  needs  of  this  organism.     Excessive  rains  are 

jTS  a  means  of  distributing  soil  troubles.      In    this    regard  the 

Irium  wilt  of  cabbage  is  no    exception.       Droughty    conditions 

:  surface  distribution,  while  on  the  other  hand,   the   aggressive 

ire  of  the  disease  is  always  aggravated  by  dry  weather. 


Fiff.  6.    A  partially  matured  plant  that  has  succumbed  to  the  Pusarium  wilt. 
In  the  upper  shaded  part  of  the  stem  Is  a  sunken  area  showing  the  course  of  the  disease. 

TREATMENT 

Parasitic  diseases  of  field  crops  which  are  also  persistent  soil 
organisms  seldom  admit  of  definite  treatment  economically.  In  the 
case  of  club-root  of  cabbage  the  causal  organism  gradually  suc- 
cumbs to  heavy  applications  of  lime.  Potato  scab,  on  the  other 
hand,  is  increased  by  lime.  In  the  case  of  cabbage  wilt  (Fusarium) 
no  specific  treatment  is  known. 
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MEASURES  LOOKING  TOWARD  CONTROL 
Though  no  specific  treatment  has,  as  >et,  been  worked  out, 
there  are.  many  preventive  or  restrictive  measures  which  may  be 
practiced.  In  addition  to  those  recommended  (pp,  260,  261)  the 
following'  should  be  carried  out:  Diseased  plants  should  be 
leathered  and  burned  or  dumped  in  places  from  which  no  further 
spreading  is  assured.  Small  diseased  areas  should  be  worked  en- 
tirely separate  from  the  field  as  a  whole,  in  this  way  preventing 
distribution  by  implements  and  animals. 


Pie.  8.  Comparing  at  the  left,  stem  of  plant  defoliated  by  the  Fusarium  disease,  with  plant  at 
richt  affected  with  the  Phoma  wilt.  Note,  that  the  plant  at  the  left  shows  no  rot  on  the  stem,  while 
the  plant  at  the  ri^ht  has  broken  at  the  stem  due  to  rot  from  the  Phoma  disease.  Both  plants  are  the 
•*n»e  age,  about  one-third  grown. 


It  is  important  to  become  familiar  with  the  disease  in  all  its 
symptoms,  to  be  able  to  detect  the  first  signs  of  the  disease  in  the 
seed  bed;  and  to  absolutely  avoid  using  plants  from  beds  in  which 
even  the  slightest  trace  of  the  disease  appears.      The    practice    of 
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putting  out  two  or  three  seed  beds  on  non-infested  areas  is  to  be 
recommended.  This  will  g^ive  an  opportunity  to  select  the  least 
infected  and  most  vigorous  plants.  We  must  keep  in  mind  that  the 
seed  bed  is  a  minor  expense.  To  be  limited  to  weak  and  infected 
plants  is  a  heavy  handicap. 


Fiff.  9.    A  healthy  cabbage  seedling.     Compare  with  the  ^ant  shown  in 
Fig.  10,  which  waa  taken  from  the  same  bed,  and  waa  of  the  same  age. 

In  case  a  few  scattered  infected  plants  are  discovered  in  the 
field,  these  should  be  carefully  removed  and  immediately  burned  or 
otherwise  destroyed.  The  disease  spots  should  be  marked  and  all 
to  and  fro  cultivation  over  these  infested  areas  should  be  stopped  to 
prevent  distribution  by  implements.  Where  the  disease  makes  its 
appearance,  rotation  should  early  be  practiced.  An  accurate  record 
should  be  kept  of  the  amount  of  disease  which  appears  in  the  fields 
cropped  with  cabbage,  so  that  when  the  rotation  again  brings  the 
land  into  cabbage  an  estimate  may  be  made  as  to  whether  the 
disease  is  on  the  decline  or  increase. 


Digitized  by 


Google 


CABBAGE  DISEASES  271 


Fig.  10.    A  cabbage  seedling  affected  with  Pusarium  wilt,  (yellows). 
The  yellowing  leaves  drop  at  the  sUglitest  touch. 


THE  POSSIBILITY  OF  SELECTING  RESISTANT  STRAINS 

Much  hope  is  to  be  entertained  of  the  possibility  of  securing 
resistant  strains.  This  is  a  work  that  requires  several  years  for 
positive  results.  Sometimes  it  is  desirable  even  after  securing 
resistant  plants  to  cross-breed  these  with  marketable  strains,  as  it 
is  often  the  case  that  resistant  strains  or  varieties  are  not  high 
yielding  or  of  desirable  quality.  It  would  even  seem  profitable  for 
growers  to  continue  desirable  strains,  by  selecting  those  of  the 
proper  type  and  yielding  capacity.       The    practice    of    purchasing 
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seeds  from  promiscuous  retailers  often  proves  a  risky  business. 
One  need  be  no  specialist  to  note  that  many  irregfular  types,  and  low 
quality,  poor  yielding*  strains  are  to  be  found  throughout  the  cab- 
bage districts.  This  difficulty  can  be  remedied  only  by  purchasing 
from  reliable  seed  houses,  or  by  the  growing  of  seed  from  carefully 
selected,  homeg'rown  stock. 


Fiff.  11 .    Showinor  at  Uie  left  planta  slowly  dyinz  with  the  Pusarium  wUt.    In  this  field  the  t 
was  eeneral,  and  the  Ion  wai  excewive.    The  s4aat8  were  not  quite  balf-rrown.    Note  the  manoer  of 
shedding  the  leaves.  Pkotograpktd  Amgiut  4,  tqto.  Clr^,  Oki* 
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Piff.  13.  Showing  plate  cultures  of  the  Pusarium  funfus  which  causes 
wilt  or  yellows*'.  From  a  younff  seedling  just  showing  the  preUminary 
symptoms;  in  this  case  a  pure  culture  of  the  parasitic  organism  is  seen. 


Pie.  14.  Cultures  of  the  Pusarium  wilt  funfus  from  an  older  infected  seedling 
in  which  bacterial  association  had  already  taken  place.  As  soon  as  bacterial 
contamination  takes  place  the  seedling  rapidly  wilts.  The  bacterial  growth  in  the 
plate  has  checked  somewhat  the  growth  of  the  parasitic  fungus. 
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SUMMARY 
In  summarizing',  the  following"  sug-gestions  are  emphasized: 

1  Learn  to  know  the  Fusarium  wilt  in  its  earliest  symptoms, 
and  to  distinguish  it  from  the  other  cabbage  troubles. 

2  To  assist  you,  your  Experiment  Station  is  always  ready. 
Send  in  specimens  of  diseased  plants;  ask  for  advice,  literature  or  a 
personal  visit. 

3  Treat  the  seed  (see  page  259);  grow  your  own  plants;  put 
out  two  or  three  seed  beds  a  considerable  distance^  frDm  any  infested 
areas;  use  only  the  most  healthy  and  vigorous  pfants. 

4  Use  no  plants  from  a  Fusarium  wilt  (yellows)  infested  bed. 

5  Use  no  manures  carrying  infested  cabbage  litter. 

6  Should  light  infestation  appear  in  the  field,  gather  all  sick 
plants  and  burn.  The  diseased  spots  should  be  marked  off  and 
cultivated  separately.  Keep  a  written  record  of  the  infested  field, 
noting  the  infested  spots.  In  this  way  you  will  learn  the  kind  and 
length  of  rotation  required  to  work  out  the  disease. 

7  Practice  rotation  upon  the  appearance  of  disease.  A  good 
rotation  pays  at  all  times. 

8  If  you  are  interested  in  continuing  cabbage  culture,  never 
allow  stock  to  feed  promiscuously  from  infested  to  non-infested 
fields. 

9  '*An  ounce  of  prevention",  with  this  disease,  **is  worth  a 
Ion  of  cure." 

10  Early  learn  to  know  the  persistent  nature  of  this  disease  as  a 
soil  trouble,  and  likewise,  the  improbability  of  working  out  a 
curative  treatment. 
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BLACK-LEG  OR  FOOT  ROT  OF  CABBAGE 

Phoma  oUracea  Sacc. 

This  disease  may  have  reached  us  from  European  countries 
where  it  has  been  known  for  a  number  of  years.  France,  especially, 
has  lost  heavily  from  what  appears  to  be  the  same  trouble/  In  the 
Province  of  South  Australia,  vicinity  of  Auburn,  gfrowersof  cabbage 
and  cauliflower,  especially  the  latter,  have  recently  met  with  consider- 
ablelosses  from  this  disease.*  Germany,  likewise,  has  been  subject 
to  the  trouble  for  sometime.  More  recently  the  disease  has  made 
its  appearance  in  North  Holland,  where  it  has  been  made  the  sub- 
ject of  extensive  experiments. 

In  the  state  of  Ohio  the  disease  has  been  known  for  only  a  short 
time,  the  attention  of  the  Department  being  called  to  the  trouble  by 
the  writer  on  a  visit  to  Fremont,  Sandusky  county,  during  the 
spring  of  1910.  The  seed  beds  showed  considerable  infestation  pre- 
vious to  the  time  of  transplanting  (See  Figs.  IS,  16  and  17,  pp.  279, 
and  280). 

During  the  summer,  through  letter  and  visitation,  the  writer 
has  found  that  the  disease  has  made  its  appearance  throughout  Ohio 
in  a  number  of  places.  Specimens  have  been  received  from  Fre- 
mont and  Clyde,  Sandusky  county;  Greenspring,  Seneca  county; 
and  Englewood,  Montgomery  county,  and  correspondents  further 
report  the  disease  from  Hamilton,  Medina,  Washington,  and 
Ashland  counties. 

THE  DISEASE  IN  EUROPE  AND  AUSTRALIA 

The  literature  upon  the  disease  is  very  limited.  Prillieux  and 
Delacroix^  give  a  careful  description  of  the  disease  as  it  appears  in 
western  France  in  the  Province  of  Vendee  on  the  cabbage  grown 
for  fodder.  They  designate  the  trouble,  "Foot-Rot  of  Cabbage'* 
(Pourriture  des  pieds  de  Chou)  and  state  that  the  disease  is  of 
considerable  importance,  attacking  and  rotting  the  stems, 
causing  much  loss.  The  fungus  assigned  as  the  source  of  the 
trouble  is  Phoma  Brassicae  Tbiiem.  In  Australia,  the  disease 
has     been    carefully     studied   by    D.    McAlpine',    who     calls    the 

SDept.  of  Affr.,  Vict^-ia,  Fundus  Diseases  of  Cabbage  and  Cauliflower  in  Victoria,  and  tbdr 
Treatment,  by  D.  McAlpine,  January  1901. 

"Prillieux  and  Delacroix.  Bui.  de  Societe  Mycol.  0:  p.  114. 1890.  also  Maladies  des  Plantes  Agriooles 
2:295-297,1897. 

TprilUeux,  Maladies  des  Plantes  Agricoles,  2:    295-297  1897. 
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trouble  **Black-le£:"  or  *'Foot-rot"  and  states  that,  in  1901,  cauli- 
flower in  some  instances  suffered  losses  of  25  percent  or  more. 
He  says: 

"This  cauliflower  disease  was  also  met  with  at  Brighton,  and  Mr.  Cronin, 
inspector  under  the  Vegetation  Disease  Act,  called  attention  to  the  serious 
nature  of  it  in  June  of  this  year,  stating  that  fully  90  percent  of  the  plants  were 
affected  in  some  instances,  and  estimating  the  loss  in  the  Brighton  district  at 
£S,O00  ($25,000),  one  grower  alone  sustaining  a  loss  of  ;f200  ($1,000).  I  visited 
this  district  in  August,  and  found  :the  disease  not  only  on  cauliflowers,  but  also 
on  cabbages.*' 

In  Speaking  of  the  severity  of  this  disease,  after  mentioning- 
four  other  diseases,  viz.,  Club-Root,  White-Rust,  Ring-spot  of  Leaf, 
and  Putrefactive  Mildew,  he  says: 

**The  *Black-leg'  is  perhaps  the  most  serious  trouble  with  which  the 
grower  has  to  contend,  and  the  neglect  of  it  for  a  number  of  years  past,  com- 
bined with  the  encouragement  given  to  its  spread  by  ignorantly  plowing  in  the 
diseased  portions,  has  given  it  a  strong  foot-hold  in  the  (Brighton)  district  '' 

He  notes  that  the  disease  causes  collar-rot  of  the  roots  and 
stems  of  cabbage  and  cauliflower,  and  that  it  is  not  uncommon  to 
find  it  upon  the  leaves  of  these  plants,  and  also  upon  those  of  turnip 
and  rape.     He  states: 

"In  every  instance  the  superficial  tissue  of  the  diseased  roots  and  stems 
showed  numerous  black  punctiform  bodies,  which  usually  did  not  extend  above 
ground.'* 

He  assigns  the  fungus  Phoma  Brassicae  Thiiem  as  the  causal 
agent. 

In  the  Province  of  North  Holland,  vicinity  of  Langendijk,  the 
disease  is  known  in  two  forms:  one,  a  field  trouble,  is  given  the  name 
**Fallsucht"  that  is,  drop  disease  or  falling  sickness,  (See  Cit.  2  and  3 
p.  260)  signifying  the  characteristic  termination  of  the  disease  (See 
Fig.  4  p.  265,  cabbage  at  right);  and  the  other  a  storage  trouble  called 
**Krebsstrunke"  (cancerous  stems),  in  which,  during  February  and 
March,  yellowish-gray,  cancerous  spots  appear  in  the  axis  of  the 
leaf  and  extend  onto  the  leaves.  (See  Fig.  19,  p.  283,  showing  sick 
spot  on  growing  plants).  These  lesions  increase  till  the  leaves  rot 
off.  In  reviewing  the  trouble  in  the  Province  of  North  Holland, 
Professor  Bos  (see  Cit.  2,  p.  260)  says: 

**The  neighborhood  of  Langendijk  is  really  the  center  of  cabbage  culture  in 
Holland.  Here,  year  after  year,  so  much  cabbage  is  grown  that  a  proper 
rotation  is  impossible;  upon  many  of  the  fields  cabbage  has  been  continued  for 
twenty  years.  Thus  one  can  understand  that  many  diseases  must  come  in;  one 
really  wonders  that  these  diseases  do  not  take  the  upper  hand  and  make 
cabbage  culture  an  impossibility." 

In  Speaking  of  the  trouble  he  states  that  the  chief  symptom  of 
this  disease  consists  in  the  dying  of  the  main  root,  close  to  the 
surface  of  the  earth,  and  notes  that  the  disease  in  the  field  may  be 
distinguished  by  the  bluish-red  color  of  the  leaves.  He  attributes 
the  disease  to  the  fungus  Phoma  olcracea  Sacc.  ^  , 
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SYMPTOMS 

The  work  of  the  disease  is  early  noticeable  in  the  infected  seed 
beds,  being"  often  conspicuous  one  or  two  weeks  before  trans- 
planting. The  preliminary  symptom  is  that  of  white,  sunken, 
elongated  oval  areas  on  the  stem,  usually  below  the  point  of  leaf 
attachment  (See  Figs.  IS,  16  and  17,  pp.  280,  and  281  ).  There 
appear  early  in  these  lesions,  small  black  bodies  equally  distributed 
over  the  affected  areas;  these  black  specks  are  the  fruiting  bodies 
(pycnidia)  of  the  fungus.  Within  each  pycnidium  are  myriads  of 
hyaline  spores  through  which  the  fungus  is  propagated  (See  Fig.  22, 
p.  288).  In  these  early  stages  of  the  disease  the  fungus  may  be 
plated  out  in  almost  pure  culture  by  a  surface  sterilizing  of  the 
infected  material.  This  is  not  true  later,  however,  as  these  infested 
areas  soon  become  confluent,  the  tissues  die  and  break  open, 
following  which,  bacterial  and  fungus  contaminations  set  in.  (See 
Figs.  IS,  16,  17  and  18,  pp.  279,  280  and  281). 

In  the  preliminary  attack,  the  disease  causes  no  foliage  change 
through  which  the  trouble  may  be  distinguished,  unless  lesions  are 
formed  directly  on  the  leaves,  which  seldom  occurs  in  the  seed  bed 
(See  Fig.  20,  p.  284).  Seedlings  about  to  collapse  with  the  disease 
take  on  a  bluish  red  color  of  the  foliage.  The  growers,  as  a  rule, 
discard  all  plants  observed  to  have  stem  or  leaf  injury  from  this  or 
other  cause. 

The  dissemination  of  the  disease  is  not  so  much  a  matter  of 
overlooking  the  planting  of  infected  seedlings,  though  undoubtedly 
much  of  this  takes  place,  as  it  is  of  general  distribution  of  spores 
through  the  handling  of  occasional  sick  plantlets. 

Plants  affected  with  this  trouble  die  in  all  stages  of  their  growth; 
few,  however,  succumb  previous  to  the  transplanting,  and  only  those 
more  or  less  badly  affected  at  the  time  of  setting  out  die  within  the 
following  three  weeks.  The  greatest  loss  takes  place  at  the  time 
when  the  plants  are  one-half  to  two-thirds  grown,  at  which  time  the 
symptoms  are  very  characteristic.  The  foliage  of  the  affected 
plants  takes  on  at  the  margins  a  mottled,  metallic,  bluish-red  color. 
The  lower,  outer  leaves  show  evidence  of  wilt.  Total  collapse  may 
take  place  in  24  to  48  hours  (See  Fig.  4,  p.  26S,  plant  at  right).  Ex- 
amination of  the  stems  and  roots  of  partially  matured,  infected 
plants  always  reveals  large,  sunken  lesions  extending  one-half  to 
two-thirds  the  distance  through  the  stem  or  sometimes  showing  a 
sunken  collar-rot,  so  far  destroying  the  stem  as  to  allow  the  top  to 
break  off  easily,  and  as  Mr.  Guy  Wickert  of  Fremont  says,  **Uproot 
and  blow  away  with  the  wind."  (See  Fig.  7,  p.  268  and  Fig.  18, 
p.  282). 
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Pier.  IS  Fi£.  16 

Seedlines  of  cabbage  magnified  by  1.8  and  3  diameters  respectively  showing  the  early 
stages  of  **Black-Leff"  or  Phoma  wilt.  Plants  taken  from  the  seed  bed  at  transplanting  time. 
Observe  tn  the  plants  the  infected  area  containing  many  fruiting  bodies  (black  dots,  called 
pycnidia)  of  the  fungus  Phoma  oUracea  Sacc.  which  is  the  cause  of  the  disease. 
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If  rains  are  favorable,  the 
infested  plants  may  set  root 
ag-ain  from  above  the  place  of 
injury.  (See  Fig:.  18f  p.  282). 
These  adventitious  roots  are 
seldom  sufiScient  to  mature  a 
marketable  product. 

CAUSE  OP  THE  DISEASE 


The  disease  has  been 
associated  in  the  past  by  some 
with  insect  work,  hence,  much 
error  has  been  connected  with 
its  diagnosis.  It  hardly  seems 
probable  that  it  has  not  been 
noted  in  the  United  States 
heretofore  by  plant  patholo- 
gists. F.  L.  Washburn*, 
State  Entomologist  for  Min- 
nesota, in  his  report  to  the 
Governor  for  1906,  states,  in 
writing"  upon  club-root  of  cab- 
bage: "Many  market  gar- 
deners confound  the  work 
of  the  maggot  with  diseases 
which  affect  the  root  and  have 
no  connection  whatever  with 
maggot.  This  is  noticeably 
true  of  a  form  of  rot  which 
sometimes  afifects  the  roots, 
causing  wilting  and  death  of  the  plant." 


i 


Fiff.  17.  Plant  taken  from  the  seed  bed  at  tiass- 
plantinff  time,  showinc  infection  just  above  the  root- 
lets«  in  which  a  coIlar-rct  is  taking  place- 

It  appears  very  probable 
that  the  above  writer  is  referring  to  what  is  here  called  Phoma  wilt 
or  "black-leg,"  as  it  is  the  only  fungus  rot  of  the  cabbag-e  root. 

In  Australia,  McAlpine  makes  no  mention  of  insects  being 
associated  in  causing  the  trouble.  Prillieux,  in  his  work  on  plant 
diseases,  in  no  way  refers  to  the  disease  being  favored  by  insect 
activity.  On  the  other  hand.  Bos  and  Quanjer  in  Holland,  following 
their  experimental  work,  claim  that  the  disease  is  quite  closely 
associated  with  the  activity  of  the  cabbage  maggot.  Indeed, 
Quanjer  goes    so    far    as    to    state  (see  Cit.  3,  p.  266,): 

'Washburn,  F.  L..  Report  of  State  Bntomoloarist.  Minnesota,  1006. 
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**The  control  of  the  drop  disease  depends  chiefly  upon  the  proper  control  of 
the  cabbag^e  fly.  Since  nature,  in  an  epidemic  of  these  parasites,  has  not  as  yet 
come  to  our  assistance,  it  is  left  to  us  to  overcome  this  difficulty;  accordingly, 
we  will  be  directed  towards  preventive  means.  One  should  clean  the  plantlels, 
before  placing  in  the  field,  by  washing  away  the  adhering  earth  and  by  cautious- 
ly rubbing  the  stem  and  the  leaf  axes  in  order,  if  possible,  to  destroy  the  cling- 
ing" eggs  of  Anthomyia  (the  cabbage  fly)  and  Baris  (the  cabbage  curculio*). 
After  planting,  the  stems  of  the  plantlets  should  be  protected  from  the  cabbage 
fly.  However,  the  paper  collar,  which  I  have  mentioned  above,  for  this  pur- 
pose is  quite  inadequate,  because  through  the  thickening  growth  it  is  subsequent- 
ly brought  into  an  improper  x>osition.  More  practical  is  it  to  throw  a  handful 
of  slacked  lime  about  the  stem.  In  a  limited  way,  this  method  has  been  proven;' 
however,  it  will  be  tried  extensively  this  year  in  the  experiment  fields  of  Langen- 
dijker/' 

Bos  states  (  see  Cit.  2,  p.  260)  that,  in  the  order  of  their  sus- 
ceptibility to  the  disease,  the  red  cabbage  is  first,  then  Savoy  and 
Danish  head  cabbag^e,  and  last,  though  in  a  much  less  degree,  cauli- 
flower. 

McAlpine  (See  Cit.  5  p.  276)  notes  that  the  disease  is  most 
severe  in  cauliflower. 

Washburn,'  in  working  with  the  cabbage  maggot  states  *'Hol- 
land  cabbage  appears  to  be  exempt  from  attack,  no  cabbage  maggots 
being  found  in  this  variety.  Red  cabbage,  on  the  contrary,  is  not 
immune,  since  it  suffers  from  the  attacks  of  the  maggot." 

In  speaking  of  the  maggot  work  on  cauliflower  the  same  author 
says:  '*The  cauliflower  was  a  complete  failure,  there  being  only 
three  heads  out  of  the  fifty  plants  when  counted  July  26th." 

'  I  quote  from  the  different  writers  above,  to  show  that  much 
variation  takes  place.  For  example,  in  Australia  cauliflower  is  most 
subject  to  the  disease  while  in  Holland  it  is  least.  In  Minnesota, 
Holland  Cabbage  is  exempt  from  the  work  of  the  maggot,  while  in 
Holland  it  is  more  subject  to  the  Black-leg  than  the  cauliflower. 
As  previously  noted  (p.  280)  Washburn  states  there  is  a  root  rot  and 
wilt  of  the  cabbage  which  has  no  connection  whatever  with  the  maggot. 

The  observations  made  by  the  writer  in  the  seed  beds  and 
fields,  together  with  experiments  upon  seedlings  of  the  varieties 
**A11  Season"  and  ''Market  Garden,"  convince  him  that  the  import- 
ance of  insect  association,  as  noted  by  Bos  and  Quanjer  in  Holland, 
does  not  apparently  hold  true  for  the  disease  in  our  districts. 
In  fact,  the  disease  was  produced  in  abundance  in  seedlings 
by  placing  washings  from  diseased  material  with  the  seed  at 
the  time  of  planting.  Many  of  the  plantlets  died  before  the  third 
leaf  was  formed  (See  Fig.  20,  p.  284).  No  association  whatever  of 
maggots  was  found  with  this  early  seedling  infection. 

•Washburn.  P.  L..  Bui.  Minn.  Exo.  Sta.,  112: 1908 

*The  insertions  in  the  parentheses  are  the  writer's.  It  appears  that  Dart*  rapae  and  Ceutorhvn- 
chuM  rapag  Gyll.  are  synonyms.      (10)  See  Bui.  Ohio  Airr-  Exp.  Sta.,  77,  Feb.  1897,  by  F.  M.  Webster. 
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Piff .  20.  ShDwinff  seedling  of**All  Season*'  the  varietr  of  cabbacc  infected  on  the  letves  with 
the  fuoffua  [Phoma  oleracea)  which  causes  **black-leff"  or  **foot-rot."  In  the  aeedlinc  at  the  left  tbe 
disease  has  entirely  rotted  off  the  stem  above  the  seed  leaves. 
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Direct  experiments  with  pure  artificial  cultures  of  Phoma  oler" 
acea^  inoculated  into  the  stems  of  half  matured  cabbage  plants  just 
below  the  surface  of  the  ground  by  means  of  a  slight  cut 
into  the  cambium  with  sterile  scalpel,  gave  100  percent  of  infection. 
One  of  the  plants  showed  a  total  collapse  from  a  collar  or  cambium 
rot.  Several  others  would  have  succumbed  in  a  short  time  as  the 
cambium  was  nearly  destroyed. 

The  incisions  made  in  the  check  plants  healed  up  nicely  with  no 
evidence  of  rot. 

I  have  seen  maggot  borings  at  four  or  five  places  on  a  single 
cabbage  stem  and  root  without  any  evidence  whatever  of  rot 
following.  Wherever  Phoma  **foot-rot"  is  found  associated  with 
the  maggot  work,  it  simply  means  that  the  insect  has  made  it  easier 
for  the  fungus  to  get  a  foothold. 

In  examining  a  large  number  of  Phoma  wilted  plants  in  the 
Clyde  district,  by  cutting  longitudinal  sections  of  the  injured  roots, 
only  three  showed  insect  work,  in  which  case  the  larvae  associated 
appeared  to  be  those  of  the  small  flies  which  are  common  in  rotting 
vegetables.  In  one  case  two  white  maggots  about  7-20  of  an  inch 
in  length,  were  present;  these  upon  pupating,  turned  brown  and 
were  between  3-20  and  7-40  of  an  inch  in  length.  These  measures 
correspond  closely  to  those  of  the  cabbage  maggot. 

The  direct  cause  of  the  disease  is  a  fungus,  scientifically  known 
as  Phoma  oleracea  Sacc.  The  arrangement  of  the  fruiting  bodies 
(pycnidia),  their  size,  ^  to  /4  millimeter  in  diameter,  together 
with  the  spore  measurements  (4.S  to  5  m.  m.  m.  by  1.7  m.  m.  m.  to 
2  m.  m.  m.),  and  other  characteristics,  all  indicate  the  organism  to 
be  the  above  named  fungus.* 

There  is  little  doubt  that  insects,  viz.,  the  cabbage  maggot, 
the  cabbage  curculio  and  wireworms  may  be  and  quite  generally 
are  instrumental  to  some  degree  in  distributing  and  facilitating  the 
fungus  in  its  work  on  the  cabbage.  On  the  other  hand,  the  evidence 
is  sufficient  to  show  that  the  fungus  is  a  direct  pathogen  on  seed- 
lings and  susceptible  plants.      (See  Figs.  IS,  16,  17,  19,  20).      Under 

*Sonie  discussion  should  be  arivcn  here  to  the  assiaming-  of  Phoma  Brassicat  ThUem.  as  the  causal 
orffanism of  this  disease  by  Prillieux  in  Prance  and  McAlpine  in  Australia.  According  to  Bos  (see 
Cit.  2  p.  260)  there  is  reason  to  believe  that  the orjranism  assigned  by  Prillieux  viz..  Ph.  Brassicae 
Th&em.  is  identical  with  Ph,  oleracea  Sacc.  In  the  description  of  the  two  species,  Phoma  Brassicae 
and  Phoma  oleracea^  (See  Saccardo,  Sylloffe  Funjrorum,  III,  119  and  135),  as  far  as  measure- 
ments are  concerned*  there  is  hardly  difference  sufficient  for  any  specific  distinction.  On  the  other 
band*  the  arrangement  and  number  of  pycnidia  would  seem  to  be  a  basis  for  such  distinction,   to  wit: 

** Phoma  Brassicae  Th^m.  Perithecils  majusculis,  dense  aggreiratis,  saepe  confluentibus  *  * 
■nperficialis; sporilis *    *    3-4=1.5^2.  mmm" 

**Phoma  oieraceaSacc  *  *  Peritheciis sparsis,  globosso-depressis,  papillulatis,  ^-H  mill,  diam-, 
*   *    8porilis5-6=2mmm.,2iruttulatis,  hyalinis." 

Prillieux's  illustration  of  the  pycnidium  (See  Cit.  7  p.  276)  shows  the  pycnidia  to  be  arranged 
■falffly  and  submerged,  similar  to  Phoma  oleracea. 

McAlpine,  on  the  other  hand,  in  his  Plate  VII  (Cit.  6  p.  276)  shows  photo-micrographs  in  which 
the  pycnidia  are  superficial  and  densely  aggregated.  ,  These  distinctions  would  seem  to  justify 
McAlpine  in  desiffnatingr  the  organism  as  Phoma  Brassicae. 
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warm,  damp  storag:e  conditions  the  fungus  spreads  rapidly.  la 
shipping  by  express  a  number  of  infected  plants  from  Clyde, 
Ohio,  in  which  the  shipment  was  five  days  in  transit,  the  disease 
spread  rapidly  over  the  plants,  fruiting  abundantly  on  the  partially 
wilted  leaves. 

LOSSES  FROM  THE  DISEASE 

This  disease  is  much  more  irregular  in  its  work  than  is  the 
Fusarium  wilt.  The  latter  gradually  increases,  but  most  surely 
comes  to  stay.  On  the  other  hand,  the  Phoma  wilt  may  be  found 
only  upon  5  percent  of  the  plantlets  in  the  seed  bed,  and  yet  become 
so  thoroughly  disseminated  during  transplanting  as  to  cause  almost 
a  total  loss.  Several  fields  this  season  (1910)  have  shown  losses 
varying  from  20  to  70  percent,  the  disease  coming  directly  from 
the  seed  bed.  In  1909  almost  total  losses  were  caused  in  several 
of  the  fields  which  had  previously  never  grown  cabbage.  Evidence 
has  been  obtained  in  which  heavy  loss  came  about  from  previous 
field  infection.  At  Fremont  there  were  sick  spots  of  one-fourth 
acre  or  more  in  size  in  the  fields  which  would  indicate  previous 
soil  infection.  Infection  and  dissemination  at  transplanting  time  is 
indicated  by  certain  rows  being  badly  infected,  or  by  a  quite 
•  uniform  percentage  of  infected  plants  throughout  the  field,  as 
contrasted  with  sick  areas  where  previous  soil  infestation  occurs. 

INFLUENCE  OF  SOIL  AND  WEATHER 

Growers  in  the  Clyde  district  make  the  statement  that  the 
"Wilt"  (black-leg  or  Phoma  wilt)  makes  its  greatest  progress  on 
the  black  soils.  The  observations  made  this  season  by  the  writer 
partially  confirm  these  statements.  The  disease,  however,  is  in  no 
way  strictly  confined  to  the  heavier  soils.  This  season  the  loss  in 
a  field  on  about  the  lightest  soil  in  the  vicinity  of  Clyde  was  over 
S  percent  from  this  disease  on  an  area  which  had  not  previously 
grown  cabbage. 

Moisture  appears  to  be  more  favorable  than  the  soil  texture  as 
a  factor  influencing  the  spread  of  the  disease.  In  seasons  which 
are  moist  throughout,  the  distribution  and  activity  of  the  fungus  is 
greatly  accelerated. 

TREATMENT 

This  disease  is  a  soil  trouble  which  carries  over  from  season  to 
season  through  infected  stems  and  leaves.  As  a  rule,  persistent 
soil  parasites  do  not  submit  readily  to  treatment.  There  are, 
however,  exceptions  to  this  statement,  and  the  writer  is  inclined  to 
believe  that  in  this  organism  we  have  such  an  exception.  The 
kinds  of  soil  organisms  which  do  submit  to  treatment  are  usually 
those  which  cause  a  stem  rot  at  level  with,  or  just  below  the  surface 
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of  the  gfround.  Rolfs",  of  Florida,  has  found  that  by  spraying:  the 
ground  around  the  stems  of  tomatoes  with  ammoniacal  copper 
carbonate,  he  could  successfully  control  the  sclerotium  blight.  In 
Cuba"  the  use  of  Bordeaux  mixture,  when  sprinkled  thoroughly  on 
the  tobacco  seed  beds,  controlled  bed  rot  (a  disease  caused  by 
Rhizoctonia)  **with  complete  success." 

McAlpine  (see  Cit.  S,  page  276)  has  found  that  a  strong*  solution 
of  bluestone  is  very  effectual  in  controlling  a  serious  soil  disease  of 
tobacco,  when  the  solution  is  applied  the  same  day  the  seed  is 
planted.  He  recommends  for  this  disease  (Phoma  wilt)  that  the 
seed  beds  should  be  treated,  preparatory  to  sowing,  with  a  fungicide 
such  as  sulphate  of  copper. 


Pig.  21.  Showing  plate  culture  of  Phoma  oUracea  Sacc.  on  an  artificial  medium 
The  white  fungus  growth  came  from  small  spores  taken  directly  from  a  pjrcnidium 
(spore  sac)  see  B.  Fig.  22. 

The  writer  has  experimented  upon  the  use  of  both  Bordeaux 
mixture  and  a  straight  solution  of  copper  sulphate  (bluestone)  for 
this  disease  upon  cabbage  seed  beds  at  time  of  planting  and  upon 
seedlings  three  weeks  old.  The  formulas  used  w^ere,  for  the  Bor- 
deaux, 4  lbs.  copper  sulphate,  4  lbs.  lime,  to  SO  gallons  of  water— 
andin  the  straight  copper  sulphate  solution,  4  lbs.  of  copper  sul- 
phate to  50  gallons  of  water. 

i«P.  H.  Rolfs,  Tomato  Diseases,  Bui.  Fla.  Agr.  Exp.  Sta.  91: 1907  . 

"Estackm  Central  Agronomica.  Cuba.    Cir.  No.  28: 1907  and  Circ.  No.  30:  1908  Eng.  Ed.  -  Soil 
Stcrliring.  Bordeaux  Mixture  and  Poisons  for  Tobacco  Seedbeds"  by  William  Titus  Home. 
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The  solutions  were  used  in  two  different  amounts.  The  Bor- 
deaux at  the  rate  of  two  gallons  per  10  square  feet  and  one  gallon 
per  10  square  feet.  The  copper  sulphate  solution  was  used  at  the 
rate  of  one  g^allon  per  10  square  feet  and  one-half  gallon  per  10 
square  feet. 

The  Bordeaux  mixture  in  no  way  retarded  the  growth  of  the 
seed  or  injured  the  seedlings;  on  the  other  hand,  the  copper  sulphate  . 
solution,  though  apparently  in  no    way    retarding   the  germination, 
considerably  scorched  the  leaves  of  the  seedlings. 


Pi£.  22.  A,  showioff  fruiting  bodies  (pycnidia)  with  spores  streaming  out  in  a  mass.  Slifftit 
pressure  brines  out  myriads  of  spores  from  each  spore  sac,  every  spore  bein£  capable  of  reprodndnff 
the  funirus  of  the  disease.  (Hiirhly  magnified) 

The  writer  would  recommend  treating  the  seed  beds,  im- 
mediately after  planting,  with  a  Bordeaux  mixture  (4-4-50  formula) 
at  the  rate  of  one  gallon  per  10  square  feet.  Use  a  sprinkling  pot, 
or  afoot  spray  pump.  The  bed  should  again  be  sprayed,  using  a 
spray  pump,  two  weeks  before  transplanting,  and  again  just  before 
transplanting.  These  treatments  will  keep  the  disease  down  in  the 
seed  bed,  and  prevent  distribution  of  the  disease  during 
transplanting. 

Quanjer  (see  quotation  p.  281),  in  Holland,  states  that  a  handful 
of  slaked  lime  thrown  about  the  stem  after  transplanting  has  worked 
satisfactorily  in  keeping  the  disease  in  check.  Though  this  has  not 
been  tried  by  this  Station,  it  would  seem  worthy  of  trial  by  cabbage 
growers   and  it  is  recommended  to  such  by  the  writer. 
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OTHER  MEASURES  LOOKING   TOWARD  CONTROL 

Too  much  emphasis  cannot  be  placed  upon  prevention.  We 
must  remember  that  in  new  areas  being  devoted  to  cabbage  grow- 
ing- none  of  these  troubles,  as  a  rule,  is  present.  Their  intro- 
duction and  wholesale  distribution  are  due  to  a  combination  of  our 
indifference,  our  ignorance  of  their  manner  of  coming,  and  to  our 
failure  in  using  precautionary  measures  for  prevention.  Since  the 
cabbage  maggot  and  other  insects  are  in  a  measure  instrumental  in 
furthering  this  disease,  much  effort  should  be  centered  on  keeping 
down  these  pests.  No  better  means  is  afforded  than  the  destruc- 
tion of  the  material  on  or  in  which  they  breed.  This  is  almost  as 
true  with  regard  to  certain  fungus  diseases.  Destruction  prevents 
distribution.  Washburn  (see  Cit.  9,  p.  280)  in  Minnesota,  has  had 
some  success  in  controlling  the  maggot  with  white  hellebore.  Keep 
in  touch  with  your  Entomologist  at  this  Station  for  methods  of 
destroying  these  insect  pests.  Washburn  (same  Cit.)  finds  that  the 
Holland  cabbage  is  exempt  from  the  maggot  attack  (see  p.  281.) 
Hence,  grow  varieties  free  from  the  work  of  this  pest. 

Too  much  importance  cannot  be  placed  on  selecting  areas  for 
seed  beds  that  are  not  already  infested.  Great  care  should  be 
exercised  in  seeing  that  the  disease  is  not  carried  to  the  seed  bed  by 
the  shoes  having  previously  crossed  infested  areas. 
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SUMMARY 

1  The* 'Black-Leg"  or  Phoma  Wilt  is  a  severe  cabbag-e  disease 
which  is  causing  much  loss    in    certain  districts  of  Ohio,  page  286. 

2  The  disease  is  active  also  in  Germany,  France,  Holland, 
and  Australia,  causing  in  certain  districts  much  loss. 

3  In  non-infested  districts  it  would  seem  possible  to  prevent 
the  disease  from  getting  a  foothold  by  practicing  seed  treatment, 
page  259,  and  bed  treatment,  page  287-289. 

4  In  infested  districts  it  is  well  to  avoid  the  disease  by  placing 
the  seed  beds  on  non-infested  soils.  Infested  fields  should  be 
placed  under  proper  rotation. 

5  Likewise,  in  older  districts  seed  and  bed  treatment  should 
be  practiced.  It  would  also  seem  advisable  to  try  the  lime  treatment 
(see  page  288.) 

6  -Whether  the  district  is  new  or  old  it  is  recommended  to 
change  the  seed  bed  to  a  new  location  every  year.  By  so  doing,  both 
insect  and  fungus  pests  will  be  much  avoided.  Put  out  two  or 
three  seed  beds  some  distance  from  each  other.  Use  only  those 
plants  which  are  the  most  vigorous  and  healthy. 

7  Use  no  plants  from  beds  sick  with  the  Phoma  wilt  or 
the  Fusarium  wilt  (**ycllows").  The  appearance  of  sick  plants  in 
the  bed  most  likely  means  that  the  whole  bed  has  become  infested. 

8  Plow  up  the  seed  beds  as  soon  as  the  transplanting  is  done. 
Old  seed  beds  are  fine  breeding  places  for  insect  and  fungus  troubles. 

9  In  no  wise  allow  stock  to  pasture  promiscuously  from  in- 
fested to  non-infested  fields. 

10  Prevent,  if  possible,  infected  cabbage  litter  from  reaching 
the  manure. 

11  The  chief  means  of  distributing  the  disease  is  by  handling 
at  the  time  of  transplanting,  when  the  spores  from  the  few  infected 
plants  are  smeared  upon  the  non-infected.  Spray  the  seed  bed 
thoroughly  with  Bordeaux  mixture  just  before  transplanting. 

12  Much  irregularity  is  found  in  the  type  and  quality  of 
cabbage  in  the  Clyde  and  other  cabbage  districts.  This  comes 
about  by  purchasing  a  miscellaneous  seed  supply.  Buy  from 
reliable  seed  growers  only. 

13  To  assist  in  determining  the  different  diseases,  make  use  of 
your  Experiment  Station. 

14  Discuss  plant  diseases  at  your  institutes. 

Notb:    See  pasre  275  for  summary  concemintf  Fusarium  wilt  (yellows) . 
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HOW  TO  DISTINGUISH  FUSARIUM  WILT  AND  PHOMA  WILT 
FROM  OTHER  CABBAGE  TROUBLES 

Although  these  newer  diseases,  in  their  symptoms,  are  quite 
different  and  distinct  from  some  of  the  older  troubles,  for  example, 
black  rot  (^Bacterium  campesire  (Pam.)  Erw.  Smith)  and  magfgfot 
injury,  yet  many  errors  have  been  made  during  the  present  season 
by  correspondents  in  the  diagnosis  of  these  troubles.  Some  of  the 
reasons  for  this  come  from  correspondents  being  familiar  with  only 
a  part  of  the  symptoms  of  each  disease,  and  not  being  informed 
regarding  each  of  the  diflferent  cabbage  troubles.  Both  black  rot 
and  Fusarium  wilt  cause  yellowing  and  browning  of  the  cabbage 
leaves;  however,  when  we  look  into  the  symptoms  further,  we 
find  that  black  rot  usually  begins  its  work  of  yellowing  and  browning 
of  the  leaves  at  certain  points  of  infection  on  the  margin  (see  illus.. 
Fig.  23,  page  292).  These  infected  areas  gradually  enlarge  until 
extensive  brown  lesions  are  formed;  sometimes  several  such 
diseased  spots  are  to  be  observed  on  a  single  leaf;  often  these 
spots  become  confluent  and  the  whole  leaf  dies.  There  is  little 
tendency  of  the  leaf  to  break  off  and  drop  as  in  "yellows" 
(Fusarium  wilt).  One  of  the  chief  symptoms  of  black  rot  is  the 
blackening  of  the  leaf  veins  and  veinlets  (Fig.  23,  p.  292). 
This  io  seldom  found  in  "yellows'*.  Accompanying  black  rot 
is  always  the  strong  odor  of  decaying  cabbage,  which  is  not  a 
part  of  the  Fusarium  or  Phoma  wilt,  except  in  cases  where 
occasional  wet  rots  set  in. 

Many  errors  are  made  in  assigning  the  work  of  the  Phoma  wilt 
to  that  of  the  cabbage  maggot.  The  symptoms  are  quite  different 
in  each  case,  but  owing  to  the  maggot  assisting  in  spreading  the 
Phoma  wilt,  the  importance  of  the  latter  trouble  is  often  overlooked. 
The  gnawings,  furrowings  or  borings  of  the  maggots  are  quite  con- 
spicuous and  characteristic,  and  the  presence  of  the  white  larvae  in 
the  roots  of  the  older  plants  (Fig.  24,  p.  293)  verify  the  diagnosis. 
The  slower  work  of  the  maggots  and  the  characteristic  stunting  of 
the  plants  differ  entirely  from  the  rapid  work  of  the  Phoma  wilt. 

Club-root,  caused  by  a  slime  vcio\6.iungusiPlasmodiophora Bras- 
stcae  Wor.)  could  hardly  be  mistaken  for  any  of  the  other  troubles 
mentioned,  unless  no  examination  were  made  of  the  distorted  and 
enlarged  roots.     (Fig.  25,  p.  294). 

There  is  some  possibility  of  confusing  the  work  of  the  downy 
mildew  (/1^rt?wt?5^£?ra^«r«5///V:a  DeBy)  with  the  Fusarium  wilt  and 
black  rot.  Specimens  of  cabbage  affected  with  the  downy  mildew 
have  been  received  from  the  Lodi  district  (Medina  Co.)  this   season. 
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Fig.  23.    Showing  a  cabbage   plant  affected  with  black-rot,  a  bacterial  dtaeaae  caaaed  br  t 
organism  Bactertum  campcstre  (Pammel)  Brw.  Smith. 
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Fir.  24.  *'Cabbare  roots  injured  by  maffffots:  ■ectiona  showing  root  badly  injured  both  extfmally 
and  internally  (A)>  only  on  outer  surface  (B);  both  extecnally  and  Internally,  and  maiirsots  Ueding 
within  the  root  (C):  from  original  Photo."  This  plate  is  used  to  contrast  the  work  of  maggots  with 
that  of  the  **Black-Leg**  (Phoma  wilt),  seo  Pig.  18,  page  282. 

From  Bui.  2Q0:  (1907),  New  Jersey  Agr.  Exp.  Sta.  Fig.  6  and  description.  **The  Cabbage  and  Onion 
Maggots'*  (>*),    by  John  B.  Smith,  Bxpt.  Sta.  New  Brunswick,  New  Jersey. 
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Fie:' 25.  Showing  the  club-root  of  cabbage,  a  disease  caused  by  tbe  slime  mold  PlmsmtHtf^"* 
Brassicae  "Wor.  The  development  of  the  Plasmodium  is  also  shown.  The  latteris  reprodnced  bcc  > 
publication  of  the  Dept.  of  K^.  Victoria — See  Ref.  S  p.  276. 
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I  Fie*  S^t    Cabbage  leaves  showing  the  work  and  appearance  of  downy  mildsw.  a  fungus  disease 
lied  by  Peronotpora parasitica  De  By.  (The  fungus  is  shown  highly  magnified) 
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The  symptoms  are  quite  diflFerent  from  the  Fusarium  wilt, 
in  that  the  leaves  do  not  drop.  The  under  surface  of  the  leaf, 
in  the  infested  areas,  is  covered  with  patches  of  the  mildev^.  The 
fungus  is  not  very  conspicuous.  Brown  spots  one-half  to  three- 
quarters  of  an  inch  in  diameter  are  formed  throughout  the  affected 
parts;  large  areas  turn  yellow  and  the  texture  of  the  leaf  becomes 
very  leathery.  Other  fungi  quickly  follow  the  work  of  the  mildew, 
especially  an  Alternaria  which  blackens  the  affected  areas.  See  the 
leaf  in  the  right-hand,  upper  corner  in  Fig.  26,  p.  294.  Plants 
may  become  affected  in  the  seed  bed  and  continue  throughout  the 
whole  season,  but  as  a  rule,  only  the  older  and  nearly  matured 
leaves  are  most  severely  affected. 

COOPERATION  INVITED 

Owing  to  the  lack  of  statistics  giving  data  on  the  cabbage  crop, 
much  difficulty  is  met  with  in  keeping  in  touch  with  the  different 
cabbage  districts.  Information  from  several  sources  indicates  that 
the  crop  is  being  taken  ujp  by  farmers  who  have  had  little  experience 
in  the  growing  of  cabbage,  and  much  less  with  the  many  troubles 
affecting  it.  The  Experiment  Station  invites  cooperation. 
Assistance  may  be  given  the  Station  by  sending  in  information  of 
the  acreage  in  each  vicinity  where  cabbage  is  grown;  whether  the 
crop  is  on  the  increase  or  decrease,  and  why;  the  average  tonnage 
per  acre,  and  the  value  of  the  same;  the  date  when  cabbage  was 
first  grown  on  a  commercial  basis;  whether  old  land  responds  to  the 
crop  as  well  as  new;  what  diseases  are  prevalent  and  how  severe 
each  has  become. 

We  can  assist  you  by  diagnosing  the  plant  diseases,  and  by 
recommending  treatment  or  measures  for  the  control  of  the  dif- 
ferent troubles.  Send  in  diseased  specimens  for  identification. 
Ask  for  Bulletin  No.  214,  '*A  Brief  Handbook  of  the  Diseases  of 
Cultivated  Plants  in  Ohio." 
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THE  FUSARIUM  BLIGHT  (WILT)  AND  DRY  ROT 
OF  THE  POTATO 

PRELIMINARY  STUDIES  AND  FIELD  EXPERIMENTS 
By  THOS.  F.  MANNS 

INTRODUCTION 

The  potato  crop  in  Ohio  for  the  past  thirty  years  has  ranked 
hig:h  among  our  agricultural  products.  The  acreage  throughout 
this  period  has  increased  but  little,  if  any;  the  average  yield  per 
acre,  however,  by  five-year  periods  since  1894,  shows  a  marked 
though  gradual  increase;  the  average  yield  per  acre  for  the  five-year 
period  from  1894  to  1898  was  69  bushels;  from  1899  to  1903,  84 
bushels,  and  from  1904  to  1908,  90  bushels.*  The  greatest  produc- 
tion was  reached  in  1909,  when  with  an  area  of  151,611  acres,  there 
were  produced  14,511,973  bushels;  an  average  of  95  bushels  per  acre. t 
The  average  acreage  for  the  15  years  noted  al>ove  was  135,314  acres. 
We  are  yet  far  below  our  possible  yields. 

The  gradual  increase  in  yield  per  acre  noted  above  is  undoubt- 
edly attributable  to  many  factors,  chief  among  which  are:  a  better 
knowledge  of  the  crop's  requirements;  better  preparation  and 
tillage  of  the  land;  improved  varieties;  better  storage;  improved 
machinery;  localized  culture;  better  control  of  the  fungus  and  insect 
enemies.  In  regard  to  these  fungus  and  insect  factors  there  are 
few  crops  that  require  closer  or  more  prompt  attention  than  does 
the  potato  crop.     Only  with  the  acquisition  of  recent  knowledge  has  it 


♦Ohio  AffT.  statistics.  Rep.  Ohio  Dcpt.  Atrr. 
tRep.  Ohio  Dcpt.  Asrr.  July.  1910. 
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become  possible  to  control  these  pests  properly;  this  is  particularly 
true  of  the  fungus  diseases.  Among:  these  are  included  the  scab/ 
the  early  blight,  the  late  blight,  the  bacterial  blight,  the  rosette 
{Rhizodonid)^  the  black-leg,  and  the  Fusarium  dry  rot  and  blight. 
The  Fusarium  blight  has  only  been  recognized  as  a  field  trouble  in 
this  state  since  1909.  The  object  of  this  bulletin  is  to  present 
to  the  potato  growers  of  Ohio  a  preliminary  statement  of  the 
nature  of  this  disease,  together  with  methods  which  may  be  used 
in  its  control. 


THE  RECOGNITION  OF  THE  FUSARIUM  DISEASE  AS  A  FIELD 
TROUBLE  AT  WOOSTER 

The  season  of  1909  was  ideal  in  Wayne  county  for  a  large  potato 
yield.     During  the  early  part  of  July   the   Department  of  Horti- 
culture at  the  Station  reported  a  sick  condition   of  the  potatoes  in 
one  of  the  unfertilized  plots  of  the  wheat-clover-potato   (3-crop  or 
potato  fertilizer)  rotation.      Examination  of  the  area,    followed  by 
artificial  culture  work  upon  the  sick  plants,  showed  the  trouble  to  be 
caused  by  the  Fusarium  fungus  of  potato  dry  rot.     All  the  plots,  34 
in  number,  of  the   potato  section    showed  an  abnormal    yellowish 
coloring  of  the  foliage,  which  symptom  was  followed  soon  after  by  a 
very  premature  dying  of  the  tops.      Shortly  after  digging  the  crop 
on  this  area  Mr.  W.  A.  Orton,  Plant  Pathologist  of  the  U.  S.  Depart- 
ment of  Agriculture,  on  a  visit  here,  went  over  the  plots  in  company 
with  Prof.  A.  D.  Selby  and  the  writer.  He  recognized  the  trouble  as 
being  similar  to  that  in  San  Joaquin  county,  California*,  where  the 
disease  had   become  a  persistent  and   serious  soil  trouble.    Being 
very  familiar  with  the  symptoms  of  internally  infected  potatoes,  he 
readily  pointed  out  that  nearly  all  the  tubers  grown  upon  this  field 
were  carrying  the  disease.     The  destructive  nature  of  the  infection 
became  more  apparent  when  a  comparison  of  the  yields  from  these 
Station  plots  was  made  with  the  average  for  Wayne  county  for  the 
same  season.     The  Station  plots  averaged  69  bushels  per  acre  and 
the  county  averaged  186  bushels.     The  preceding  four-year  average 
for  the  Station  was  180  bushels,  while  that  for  the    county  was  101 
bushels.     Associated  with  this  Fusarium   blight  at  the  Station  in 
1909  was  a  large  number  of  the  white   grubs.      This  insect  compli- 
cation, because  of    injuries,   certainly  greatly  favored  the  fungus 
in  gaining  entrance  into  the  plants  and  tubers. 

^ These  diseases    are  described  and    methods  for  their  control   are   ffiTen  in  Bulletins  199  and 
214  of  this  Station;  these  bulletins  will  be  sent  free  upon  request 
«Cir.  Bur.  PI.  Ind.,  U.  S.  D.  A.,  28;  1909. 
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Piff.  1.  Pig.  2. 


Pie.  S.  Pie.  4, 

PLATE   I.  % 

Tubers  showine  advanced  staeea  of  the '*dry  rot"  due  to  the  funeua  Fusarium  oxysporum.  in 
Piffa.  1,  2,  and  3  the  rotting  ia  taking  place  at  the  stem  end,  which  is  evidence  indicating  the  fungus 
causing  the  rot,  entered  the  tuber  through  the  tuber-bearing  atem  at  the  time  when  the  potatoes  were 
in  the  ground .  Pig.  4  shows  the  rot  at  the  side  of  the  potato,  indicating  that  the  fungua  of  the  disease 
entered  through  a  bruise  or  other  injury. 

Infested  soil  and  diseased  seed  are  means  of  infecting  the  potato  crop. 

Illus.  reduced  1-6:  Material  from  L.  P.  Scott,  Kinsman,  Trumbull  county,  Ohio.  Variety,  Pres. 
Roosevelt.    Photographed  6-4-10. 
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CONDITIONS  THROUGHOUT  OHIO 
Following  the  investi^tions  at  this  Station  an  e£Fort  was  made  to 
learn  to  what  extent  these  conditions  prevailed  throughout  the  State* 
Accordingly,  trips  were  made  into  the  potato  districts  by  Prof.  A.  D. 
Selby,  the  Botanist,  Mr.  J.  H.  Gourley,  the  Assistant  Horticultur- 
alist,  and  the  writer,  at  that  time  Assistant  Botanist.  The  first  of 
these  trips  was  made  by  the  writer  through  several  of  the  more 
important  potato  counties  of  the  State,  viz.:  Northern  Wayne, 
Medina,  Summit,  Portage,  and  Trumbull.  The  disease  was  observed 
in  all  the  fields  examined,  varying  from  an  infection  of  less  than  one 
percent  to  that  of  a  premature  dying  similar  to  the  conditions  at  the 
Station.  Specimens  of  sick  plants  and  tubers  were  brought  into  the 
laboratory  and  artificial  cultures  showed  them  tO  be  infected 
with  a  Fusarium  similar  to  that  which  causes  dry-rot  of  potato. 
Indeed  the  tubers  obtained  from  sick  plants  from  several  of  the 
fields  were,  at  the  time  of  gathering,  far  along  with  the  dry-rot 
disease. 

Later  trips  made  by  the  writer  into  the  northwestern  counties 
and  by  Prof.  Selby  and  Mr.  Gourley  into  the  eastern,  southern  and 
southwestern  parts  of  the  State  showed  the  conditions  to  be  quite 
general,  but  varying  in  each  locality  from  a  light  infection  to  a 
severe  or  premature  dying. 

AN  OUTBREAK  OF  A  SIMILAR  DISEASE  IN  EUROPE 

In  Europe  since  1905  the  journals  of  plant  pathology  have  been 
filled  with  many  articles  on  a  potato  disease  which  is  there  desig- 
nated by  the  Germans,  "blattrollkrankheit]',  that  is,  "leaf-roll 
disease".  The  symptoms  given  are  quite  identical  with  those  of 
the  disease  which  prevails  throughout  Ohio.  However,  in  Europe 
the  plant  disease  specialists  are  somewhat  at  variance  as  to  the 
specific  cause  of  .the  disease.  Appel,'  a  most  able  student  of 
potato  diseases,  is  inclined  to  ascribe  the  cause  to  a  parasitic  fungus. 
Sorauer,*  on  the  other  hand,  thinks  the  trouble  is  physiological, 
being  brought  about  by  certain  enzymatic  discrepancies.  Kornauth 
and  Reitmar*  in  a  recent  publication  have  reviewed  some  46  Eur- 
opean articles  on  this  disease  in  which  the  writers  are  widely  at 
variance  in  their  conclusions.  Kornauth  and  Reitmar  made  micro- 
scopic and  cultural  studies  upon  some  56  specimens  of  infected 
material  sent  to  them  from  diflFerent  parts  of  Europe,  with  the 
result  that  the  microscopic  examinations  showed  all  to  contain  a 
Fusarium,  while  the  artificial  cultures  brought  out  a  Fusarium 
from  60.7  percent  of  the  specimens. 

»AppeUO.,Zcitschr.  f.  Pnanzenkrank.  17:307:1907. 

^Deutsche  Isndw*     Pressc  1908' 

^Kornauth,  K.  Reitmar,  O.,   Zeltschrift  f.  d.  LandwirtschalUfchc  Versncbswesen  in  Oesterrddi 
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A  number  of  the  European  investigators  have  demonstrated 
that  the  seed  potato  is  a  means  of  spreading  the  disease,  and  many 
recognize  the  trouble  as  a  more  or  less  persistent  soil  infection. 
Meteorological  conditions  receive  a  great  deal  of  emphasis  as  factors 
in  bringing  about  the  disease  which  prevails  in  Europe. 

HISTORY  OP  THE  PUSARIUM  DISEASE  OF  POTATOES  AS  A 
STORAGE  ROT  AND  AS  A  FIELD  TROUBLE 

The  dry  rot  of  potatoes  has  long  been  known  as  a  storage 
trouble.  At  intervals  since  1824  there  has  been  found  associated 
with  this  rot  by  different  investigators  a  fungus  of  the  genus  Fusar- 
ium,  which  has  been  variously  designated.  One  of  the  earliest 
investigators  to  record  the  presence  of  a  Fusarium  with  the  dry-rot 
of  potato,  according  to  Smith  and  Swingle*,  was  Schlechtendal  in 
1824;  he  named  the  fungus  Fusarium  oxysporum.  Smith  and 
Swingle  were  the  first  workers  to  settle  definitely  the  relationship 
of  the  Fusarium  to  the  cause  of  potato  dry-rot  and  stem  blight.  On 
account  of  priority  in  the  use  of  the  name  they  have  adopted 
Schlechtendal's  designation  of  the  Fusarium,  viz.,  Fusarium  oxy- 
sporu7n  Schlecht.  The  writer  will  use  this  scientific  terming  of  the 
fungus,  though  he  is  quite  aware  that  Fusarium  solani  is  being 
extensively  used. 

The  history  of  the  disease  as  a  field  trouble  is  of  comparatively 
recent  record.  Stewart/ of  New  York  state  in  1896  described  a 
field  trouble  of  the  potato  under  the  heading:  '^Another  Stem-Blight  of 
Potatoes".  His  careful  description  of  the  symptoms  shows  that  he 
well  recognized  the  disease  as  quite  distinct  from  other  potato 
troubles  with  which  he  was  familiar.  He  failed,  however,  to  work 
out  the  specific  cause.  After  carrying  out  some  carefully  planned 
experiments  upon  land  which  previously  had  not  grown  potatoes  for 
at  least  ten  years,  using  *'badly  diseased  tubers",  which  he  planted 
adjacent  to  healthy  seed,  the  former  producing  a  yield  at  the  rate  of 
266  bushels  per  acre,  while  the  latter  averaged  at  the  rate  of  305 
bushels,  Stewart  concluded  that,  **the  results  of  this  experiment 
furnished  strong  evidence  that  the  disease  is  not  communicable, 
which  is  equivalent  to  saying  that  it  is  not  caused  by  any  vegetable 
organism." 

In  noting  the  growth  of  the  plants  from  the  diseased  seed, 
Stewart  writes:  "Nearly  every  piece  of  'seed'  produced  a  plant, 
but  many  of  them  were  slow  in  coming  up.  They  appeared  weak, 
were  of  diverse  sizes  and  up  to  the  time  of  blossoming,  were  con- 
siderably smaller  than  plants  from  healthy  seed  planted  at  the  same 
time." 


•Smith,  Erwin   P.,  andSwinffle,  Deane  B.,  Bui.  Bur.  PI.  Ind.,  U.  S.  D.  A.  56;  1901. 
7Sterwart,  P.  C    Rpu.  N.  T.  Affr.  Exp.  Sta.  15:  1896;  10;  1897. 
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"It  was  late  in  July  before  any  of  the  plants  showed  symptoms 
of  the  disease,  and  at  the  close  of  the  season  only  a  few  had  had  even 
a  mild  attack.  When  the  potatoes  were  dug  just  a  few  showed  the 
characteristic  blackening  of  the  fibro-vascular  bundles  at  the  stem 
end." 

Stewart's  careful  observations  and  work  cannot  be  passed  over 
lightly.  A  duplication  of  his  work  with  badly  diseased  seed  upon 
soil  free  from  the  disease  will  give  quite  similar  results.  It  is  upon 
badly  infested  soils  that  the  disease  works  such  havoc. 


Fi£.  1  Fijr.  2  Fi£.  S 


Fi£.  4  Pi£.  5  Pi£.  tf 

PLATE  II 

Showin£  sections  across  the  stem  end  of  tubers  from  plants  which  had  prematurely  died  tteosc^ 
infection  with  Fusartum  oxysporum.  The  brown,  circular  spottinff  shows  the  presence  of  tbe 
parasitic  fun£U8.    All  of  these  tubers*  except  the  one  in  Pi£.  6,  are  carryin£  the  ««i«*««* 

By  cuttin£  away  the  stem  end  to  a  depth  of  1-3  to  3-4  inch,  and  foUowinf  this  with  the  fonasUe< 
hyde  treatment,  such  tubers  may  be  used  to  produce  a  disease  free  crop^  providin£  they  are  planted  as 
non -infested  soil. 

Illustration  natural  sixe.  Material  from  Q.  W.  Leonaid,  Tailmadse,  Summit  covinty.  PMo- 
graphed  6-25-09. 

Since  Smith  and  Swingle's  work,  Orton'  has  studied  the  disease 
as  a  field  trouble  in  1908  in  San  Joaquin  county,  California,  where 
the  soils  have  become  so  badly  infected  with  the  disease  as  to  cripple 
the  potato  crop  seriously.  Again  in  1910'  Orton  calls  attention 
to  the  '\vide-spread  and  destructive"  nature  of  this  disease  in  the 
United  States. 

During  the  past  season  the  Department  of  Botany  of  this  Station 
has  sent  out  two  press  bulletins"  upon  this  disease;  in  the  first, 
calling  attention  to  the  nature  of  this  disease  as  a  seed  infection, 
and  in  the  second,  noting  the  field  symptoms  of  the  disease. 

«Orton,  W.  A.  Potato  Diseases  in  San  Joaquin  Co.  Cal..  Cir-  Bur.  PI.  Ind.  U-  S.  D.  A.  tt  19*- 
•Orton,  W.  A.  Science N.  Ser-  31  (1910)  No.  802.  p.  761. 
lopress  Buls.  Nos.  311,  810:  IIJIO  Ohio  A^r.  Exp.  Sta. 
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THE  FUSARIUM  DISEASE  OF  POTATOES;  BOTH  A  FIELD 
AND  A  STORAGE  TROUBLE. 

SYMPTOMS  IN  THB  FIELD 

The  outbreak  of  the  disease  at  the  Station  in  1909  was  in  no  way 
complicated  with  early  or  late  blight,  hence  the  symptoms  of  the 
disease  stood  out  very  distinctly.  By  recalling  observations  of 
previous  years  we  were  able  to  correlate  certain  irregular  behavior  of 
the  potato  crop  in  the  past  with  that  of  the  1909  conditions  at  the 
Station. 

On  badly  infected  soils  the  disease  is  characterized  as  follows: 
The  stand  is  uneven,  though  few  of  the  hills  are  missing  The 
early  growth  is  somewhat  slow.  When  the  plants  reach  a  height  of 
10  to  14  inches,  there  is  an  apparent  cessation  of  growth.  The  first 
indication  of  the  disease  is  usually  conspicuous  at  this  time.  The 
preliminary  symptoms  are  a  light  green  color  of  the  foliage,  particu- 
larly the  lower  leaves;  this  is  accompanied  during  the  heat  of  the 
day  by  a  partial  wilting  and  an  inward  and  upward  rolling  of  the 
upper  leaves.  The  color  gradually  changes  to  a  sickly  yellow, 
which  slowly  and  evenly  covers  the  affected  vines.  The  wilting  and 
rolling  of  the  leaves  extends  to  all  parts  of  the  affected  plants. 

In  the  varieties  with  heavy  dark-green  foliage  the  wilting  and 
*'rolling-in"  symptoms  are  not  always  accompanied  by  marked 
changes  in  the  leaf  coloration. 

As  the  disease  progresses  the  field  takes  on  a  mottled  yellow  to 
lig-ht  green  color.  The  growth  of  the  foliage  is  greatly  restricted. 
The  wilting  becomes  more  pronounced;  there  is  associated  much 
tip-burn  owing  to  the  failure  of  the  leaflets  to  fully  recover  at  night 
from  the  severe  wilt  of  the  mid-day.  The  lower  leaves  of  the 
affected  plants  are  first  to  die;  (See  Plate  IV,  plant  at  the 
right)  they  fall  into  a  vertical  position  along  side  the  stem,  hanging 
by  only  a  small  part  of  the  bark  below.  The  upper  leaves  usually 
do  not  drop,  but  droop  over  upon  wilting.  Occasional  hills  will  show 
only  one  or  two  vines  afflicted.  Plants  which  early  succumb  to  the 
disease  pull  up  easily,  manifesting  a  badly  rotted  condition  of  the 
root.  As  a  rule,  the  blighted  stems  do  not  fall,  but  remain  quite 
erect  except  for  the  drooping  top.     (See  Plate  VII,  Fig.  2.) 

A  careful  examination  of  the  underground  parts  of  the  aflBicted 
plants  in  their  early  symptoms  reveals  a  number  of  pathological 
conditions.  When  the  soil  is  thoroughly  sick  many  of  the  root  hairs 
and  smaller  secondary  roots  are  entirely  destroyed.  Parts  of  the 
main  root  and  many  of  the  larger  secondary  roots  manifest  a  vitre- 
ous, sickly,  watery,  aspect,   instead  of  the  clear  white  of   healthy 
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roots.  Cross  sections  of  the  large  roots  and  the  stem  at  a  level  with 
the  ground  or  below  show  some  or  all  of  the  vessels  to  be  of  a  brown 
or  dull  gray  discoloration. 

Following  the  marked  yellowing  of  the  fields  a  premature  ripen- 
ing or  dying  of  the  plants  sets  in.  The  life  of  the  crop  is  shortened 
fully  three  to  six  weeks.  The  tubers  are  undersized  and  the  yield 
is  materially  reduced. 

The  subtle  and  persistent  nature  of  the  disease  is  such  as  to 
mislead  even  the  plant  pathologist.  The  progress  of  the  disease  is 
greater  in  certain  areas  than  in  others,  due  probably  to  several  dif- 
ferent factors,  such  as  previous  infection  being  uneven,  irregular 
drainage,  different  soil  conditions,  etc. 

THE  DISEASE  A  ROOT  INFECTION 

The  disease  makes  its  attack  by  way  of  the  root  system. 
Nearly  all  such  root  infecting  parasites  are  more  or  less  persistent 
soil  organisms.  We  have  in  this  Fusarium  of  potato  blight  no 
exception  to  this  rule. 

The  growth  of  foliage  put  out  by  plants  is  determined  wholly 
by  the  extent  of  the  root  system.     When  the  roothairs  and   smaller 
secondary  roots  are  destroyed  by  a  fungus  disease  the  plant  adjusts 
itself  to  these  conditions  by  a  cessation   of  the  foliage  growth,  and 
attempts  to  recover  itself  by  putting  out  an  additional  root  growth. 
However,  with  this  particular  fungus,    it  is  not  restricted  to  an 
attack  of  the  root  hairs  or  secondary  roots,  but  it  readily  penetrates 
the  main  root,  killing  the  cambium  and  blocking  up  the   water  con- 
ducting vessels.     (See  Plate  VI  and  description.)    Artificial  culture 
work  upon  the  roots  of  sick  plants  showed  them  to  be  abundantly  in- 
fected with  the  parasitic  fungus.    The  root  hairs  and  secondary  roots 
were  badly  destroyed.  It  is  this  crippling  and  destruction  of  the  root 
system  that  brings  about  the  rapid  premature  dying  of  the  crop. 
The  stems  above  the  ground  show  little  or  no  indication  of  the  fungus 
until  the  plant  has  nearly  succumbed  to  the  disease.  Later,  however, 
the  fungus  may  produce  a  copious  growth  of  spores  {macroconidia) 
for  a  considerable  distance  up  the  wilted  stem. 

The  infection  of  the  new  crop  takes  place  directly  following  the 
dying  of  the  root  system.  The  fungus  penetrates  the  tuber-bear^ 
ing  stems  and  follows  these  into  the  tuber.  After  a  short  penetra. 
tion  of  the  new  potato  the  work  of  the  fungus  takes  place  much 
more  slowly.  Usually  at  digging  time  the  depth  of  penetration 
seldom  reaches  deeper  than  one-fourth  to  one-half  inch.  In  some  of 
the  more  susceptible  varieties,  however,  the  stem  end  may  be  rotted 
to  a  depth  of  one  inch  or  more. 
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Piff.l 


Pi£.  2 

PLATE  III 

Showing  bow  the  presence  of  the  Pusarium  fundus,  which  causes  premature  dying  in  the 
field  and  dry-rot  in  stora£e,  may  be  demonstrated  in  pieces  from  the  stem-end  of  infected  tubers, 
by  means  of  artificial  cultures  in  the  laboratory. 

Small  sections  of  the  brown  area  from  the  stem  end  of  infected  tubers  (See  such  tubers  as 
Piffs.  2,  3  or  4  of  Plate  II)  will,  when  placed  upon  an  artificial  medium,  brinff  out  in  three  or 
four  days  the  fungus  (mold)  which  is  responsible  for  the  disease. 

Fig,  1.    Shows  the  pieces  of  tubers  just  after  being  placed  in  a  culture  dish. 

Pig.  2.  Shows  the  growth  of  the  fungus  from  the  pieces  of  potatoes  eight  days  after  being 
placed  in  the  dish.  Seven  pieces  of  the  tubers  are  showing  the  white  Pusarium  fungus,  and 
one  piece  at  top  of  the  plate  is  showing  an  associated  fungus  (a  Vermicularia  sp.  see  p.  315). 

Tbe  laboratory  culture  method  is  a  sure  way  of  demonstrating  the  presence  of  the  fungus- 
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THE  DISEASE  AN  INTERNAL  INFECTION  OF  THE  TUBER 

With  this  internal  infection  of  the  new  crop  we  have  come  to 
one  of  the  most  important  facts  regarding*  the  disease.  The  depth 
of  infection  varies  from  that  of  a  very  shallow,  light  yellowingof 
the  vessels  at  the  stem  end,  so  inconspicuous  as  to  be  entirely  passed 
over  by  the  layman,  to  that  of  a  pronounced  blackening  of  the 
vessels  to  a  depth  o^f  one-half  inch,  or  indeed  later  it  may  extend 
clear  through  the  tuber.  (See  Plates  II,  VHI,  IX  and  X.)  When 
the  infection  is  very  light  the  presence  of  the  parasitic  fungus  can 
be  determined  only  by  microscopic  examination,  or  preferably  by 
means  of  artificial  cultures  (See  Plates  II  and  III,  showing  shallow 
infection,  and  the  determination  of  very  light  infection  by  cultures.) 
This  internal  infection  may  be  very  marked  and  yet  in  no  way 
impair  the  superficial  appearance  of  the  tubers,  nor  even  the  keep- 
ing qualities  when  the  potatoes  are  placed  in  proper  storage.  (See 
Plates  IX  and  X  showing  potatoes  that  had  passed  through 
winter  storage.)  Indeed,  it  is  this  inactive  or  dormant  internal 
infection  during  storage  which  is  the  means  of  bringing  about  the 
widespread  distribution  of  the  disease.  Under  improper  storage 
much  of  this  infection  becomes  so  active  as  to  cause  a  high  percent- 
age of  dry-rot,  an  extreme  condition  in  which  the  potatoes  are  of  no 
value  for  food  or  seed.  The  importance  to  the  grower  of  being  able  to 
recognize  this  internal  infection  cannot  be  over-emphasized.  With 
the  seed  lies  the  only  possible  opportunity  of  controlling  the  dissem- 
ination of  the  disease.  The  appearance  of  this  infection  in  the 
tubers  varies  slightly  in  different  varieties.  As  a  rule  the  ring  of 
vessels  becomes  deeply  blackened  wherever  the  fungus  penetrates. 
(See  Plate  IX,  the  three  tubers  above.)  Sometimes,  however, 
the  fungus  is  not  confined  strictly  to  the  vessels,  but  may  penetrate 
at  random  throughout  the  flesh  of  the  tuber.  This  peppered 
appearance  was  noted  in  several  of  the  early  varieties  and  was  identi- 
fied as  the  same  disease  by  means  of  artificial  cultures.  (See  Plate 
IX,  the  four  tubers  below.) 

A  CAUSE  OF  DRY-ROT  IN  STORAGE 

Since  the  recognition  of  the  Fusarium  as  a  cause  of  a  blight  in 
the  field,  and  of  an  internal  infection  of  the  tubers,  pathologists  have 
lost  no  time  in  learning  of  the  progress  of  this  internal  infection  in 
storage.  As  a  dry-rot  the  disease  makes  its  greatest  headway 
under  high  temperatures  in  the  presence  of  considerable  moisture. 
For  these  reasons  the  storage  of  potatoes  in  warm  cellars  under 
dwellings  is  a  practice  certainly  not  to  be  recommended.  The 
writer  carried  out  experiments  on  the  progress  of  the  disease  with 
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iveral  diflferent  varieties  under  various  conditions,  viz.,    high  tem- 

jrature  (60"^  to   80"^  Fah.,   laboratory    conditions)   and  very  dry; 

lese  same  conditions  with  moisture;  also  under  cool  temperatures, 

S^  to  S5^  Fah.,  and  very  dry;  and   the  same   temperatures  with 

loisture.    Also  under  storage   conditions  varying  from   36^  to  40^ 

ah.     The  disease  at  these  lower  temperatures   apparently    made 

tile,  if  any,  progress.     However,  at  45^^  to  55^  Fah.,   the  disease 

sveloped  gradually  and  caused  much  rot,  especially   where   placed 

ith    moisture.       Moisture     favors  bacterial   and    fungus  associ- 

ion,  finally     culminating    in   much    wet  and    soft    rots.      High 

:mperature  is  the  chief  factor  in  favoring  the  Fusarium  of  dry-rot. 

here  is  sufficient  moisture  within  the  tuber  to  meet  the  demands 

■  the  fungus,  and  its  work  at  temperatures   between  60*^  and  80^ 

ah.  is  very  rapid.     (See  Plate  I.)     Rot  usually  takes  place  first  at 

le  stem  end,  indicating  that  it  is  a  continuance  of  the   infection  in 

le  field.     (See  Plate  I,    Figs.  1,  2  and  3.)        However,  occasionally 

irough  insect  injury,  bruise,  or  contact  of  a  rotting  tuber,  infection 

ay  take  place  and  the    rot  develop   at  other  points  (See   Plate  I. 

ig.  4.) 

THE  POSSIBLE  LOSSES  IN  STORAGE 

The  greatest  losses  in  storage  from  this  disease  take  place  in 
hilars  under  dwellings,  or  in  outbuildings  where  a  low  temper- 
ure  cannot  be  maintained.  That  this  loss  throughout  the  state  is 
)  small  item  is  evident.  The  writer  has  done  very  little  in  gather- 
g  exact  data  upon  these  losses.  Several  cases  in  which  the  losses 
ora  this  disease  were  of  an  extreme  nature  have  come  under  his 
)servation.  In  Portage  county,  in  1909,  the  crop  from  an  infested 
ild,  the  potatoes  of  which  were  so  badly  infected  internally  thai 
le  writer  advised  the  grower  to  sell  rather  than  place  in  cellar 
orage,  came  through  with  heavy  loss.  The  grower  informed  us 
the  spring  of  1910  that  *'out  of  every  100  bushels  we  got  15  to  20 
isbels  of  rot,  mostly  dry  rot." 

In  X708  out  of  10  bushels  the  writer  placed  in  his  cellar  for 
inter  use,  over  one  bushel  had  to  be  thrown  out  from  dry-rot. 
he  conditions  for  storage  in  this  case  were  not  favorable,  as  there 
as  OD>y  a  board  partition  between  the  furnace  and  the  storage 
>om. 

The  work  of  the  dry-rot  in  improper  storage  causes  an  excess 
moisture,  due  to  the  drying  up  of  the  rotting  tubers.  This 
:cess  moisture  condition,  together  with  the  added  facility  with 
hich  bacteria  and  decay  fungi  may  enter  the  already  infected 
bers,  brings  about  much  complication  in  the  form  of  soft  or  wet 
Is,  for   which  the    Fusarium   disease  is    primarily    responsible. 
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Under  the  average  cellar  storage  conditions  it  is  quite  safe  to  esti- 
mate the  loss  from  dr j'-rot  and  its  complications  at  from  one  to  five 
percent. 


J^  PLATB  IV 

I  ^    ShowiD£,  in  the  plant  at  the  nffht,  the  characteristic  yellowing  and  wilting  natare  of 
disease  on  an  artificially  infected  plant  of  the  Carman  No.  8  variety.      Varieties  bavinff 
£reen  foliaee  usually  show  yellowing  of  the  lower  leaves  as  the  first  symptom  of  tbe 
infection.    However,  those  varieties  with  heavy  dark  green  foliage  usually  show 
yellowing  of  the  leaves,  but  the  inward  and  upward  rolling  symptonoa  on  the  leaves  are 
marked  than  on  the  lighter  colored  varieties. 

The  plant  at  the  left  is  not  infected.     Note  the  darker  colored  foliage.    Inoculated   1-4-: 
graphed  3-7-10. 

DIRECT  LOSSES  FROM  USING  INFECTED  SEED 

The  amount  of  loss  occasioned  by  using*  infected  seed  can  only 
be  determined  by  growing  such  seed  upon  soils  free  from  the 
disease,  and  along  side  of  which  is  planted  seed  of  the  same  source 
and  variety  which  is  not  carrying  the  disease.  During  the  season 
of  1910  the  writer  carried  out,  with  the  assistance  of  others,  experi- 
ments of  this  kind  upon  nine  different  varieties,  which  differed 
greatly  in  the  amount  and  the  depth  of  the  infection  they  carried. 
(See  Plates  IX  andX.)  In  all  these  experiments  the  difference  between 
the  yields  from  the  infected  seed  and  seed  of  the  same  source  and 
variety  free  from  the  disease  was  not  as  great  as  one  might  expect 
Depending  directly  upon  the  amount  and  the  depth  of  the  infection 
in  the  sick  seed,  the  yields  from  the  healthjfg|^|^<g^^3,^^ifeQ5^d  gains  of 
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from  less  than  one  percent  up  to  42  percent.  (See  Plates  IX,  X  and 
XI.)  The  important  question,  however,  that  one  should  put  to  him- 
self is  not  how  much  am  I  saving  in  this  crop  by  not  planting  sick 
seed,  but  what  will  it  mean  for  the  future  of  the  potato  crop  to 
infect  my  fields  with  this  persistent  soil  parasite?  Both  questions 
are  worth  considering,  but  the  latter  is  by  far  the  more  important. 
In  dealing  with  pernicious  soil  organisms,  they  should  be  considered 
far  more  subtle  and  disastrous  than  are  noxious  weeds.  Thelatter 
may  be  eradicated  by  labor  and  perseverance,  while  the  former 
often  require  us  to  drop  from  our  rotations  one  of  our  most  profit, 
able  crops.  Such  is  the  history  of  flax  in  the  north-western  states, 
and  of  cabbage  in  certain  parts  of  our  own  state.  It  often  requires 
10  to  15  years  of  special  cropping  before  such  a  disease  is  eliminated 
from  the  soil. 


PLATB  V 
Sbovi^ff  the  effects  of  the  Pusuium  diaeaae  on  the  potato  stand.  The  row  at  the  left  was  not 
nfected.  The  row  at  the  riff ht  was  infected  by  placine  thin  slices  of  dry-rot  infected  tubers  beside 
lealthyaeed.  The  stand  was  much  reduced  and  very  much  slower  in  comin£.  In  this  experiment 
he  potatoes  were  planted  late,  June  25, 1910,  and  the  intervening  drouth  was  a  factor  favorin£  the 
vork  of  the  disease.    The  Pusarium  disease  is  a  fiactor  in  brin£in£  about  a  reduced  stand. 

THE  LOSSES  FROM  SICK  SOIL  CONDITIONS 

It  is  the  contention  of  the  writer  that  in  this  Fusarium  blight 
ve  have  the  most  persistent  and  destructive  disease  factor  with 
vhicb  the  Ohio  potato  grower  has  to  contend.  Its  subtle  work  in 
;he  past,  though  greatly  reducing  our  yields,  has  been  entirely  over- 
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looked.  The  disease  is  of  such  a  nature  that  it  works  great  havoc 
with  the  root  system  of  the  plant  several  weeks  before  any  definite 
above-g:round  symptoms  are  manifest.  It  is  this  crippling:  of  the 
root  system  that  brings  about  such  premature  dying,  when  the 
slightest  adverse  conditions  set  in. 

The  writer  had  an  excellent  opportunity  during  the  past  season 
(1910)  to  study  the  season's  growth  upon  two  fields  of  potatoes,  one 
in  which  the  soil  was  generally  infected,  and  in  another  in  \^'hich 
only  a  little  more  than  three  percent  of  the  vines  showed  symptoms 
of  the  disease.  The  badly  infected  field  was  part  of  a  three-year 
rotation  of  wheat,  clover  and  potatoes,  being  used  for  a  fertilizer 
test,  and  hence  was  variously  fertilized,  one-third  of  the  area 
receiving  no  application  whatever.  The  non-infected  field  had 
grown  crops  of  wheat  continuously,  during  the  five  previous  years; 
manure  was  used  to  some  extent,  but  no  commercial  fertilizers. 
The  potato  crop  was  also  not  fertilized  in  1910.  The  strength  of 
soil,  the  previous  cropping,  the  stand  and  other  factors  would  seem 
to  favor  the  three-year  rotation.  The  variety  used  in  both  instances 
was  Carman.  When  the  severe  midsummer  drouth  set  in,  the 
potatoes  on  the  infected  land  apparently  ceased  to  grow;  they 
assumed  a  mottled,  sickly  yellow  color  and  in  three  to  four  liveeks 
later  showed  premature  dying,  and  all  the  evidence  of  maturing^. 
On  the  other  hand,  the  potatoes  on  the  non-infected  soil  held  their 
color  and  general  appearance  well  during  the  drouth,  except  the 
few  vines  which  were  infected,  and  upon  the  appearance  of  the  fall 
rains,  matured  a  medium  crop.  The  potatoes  on  the  infected  field 
yielded  90  bushels  per  acre,  while  those  on  the  uninfected  land 
reached  a  yield  of  125.6  bushels. 

As  previously  noted  (p.  300)  the  above  mentioned  three-year 
rotation  in  1909  averaged  only  69  bushels,  while  the  averag-e  for 
Wayne  county  was  186  bushels. 

Observations  made  by  the  writer  in  the  northern  and  north- 
eastern parts  of  the  state  showed  conditions  quite  identical  with 
these. 

It  would  appear  from  this  information  that  potato  growers  not 
only  must  look  well  to  the  condition  of  their  seed,  but  if  their  soils 
are  already  badly  infested  with  the  Fusarium  disease,  they  must 
keep  the  potato  crop  off,  and  work  the  disease  from  the  soil  by  the 
use  of  grain,  hay  and  other  crops;  tomatoes  must  be  excepted,  as  it 
seems  quite  probable  they  are  attacked  by  the  same  fungus.  Just 
how  long  the  disease  will  persist  under  other  cropping  than  potato 
is  not  known.  It  is  safe  to  say  that  five  to  six  years  will  at  least 
be  required. 
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A  STUDY  OF  THE  SEED  POTATO  CONDITIONS  IN  1909  AND  1910 
SEBD  PROM  DIPPBRENT  PARTS  OP  THB  STATE 

Considerable  effort  was  made  to  learn  how  much  of  the  seed 
throughout  the  state  was  infected  with  the  Fusarium  fungus,  and 
the  percent  and  depth  of  infection  in  each  sample.  With  this  object 
in  view  many  samples  were  examined  by  cutting  sections  with  the 
knife  from  the  stem  end  of  the  tubers.  This  method  was  substant- 
iated throughout  by  artificial  culture  work. 


PLATE  VI 

Showing  the  actual  sixe  of  the  tubers  produced  by  the  artificially  infected  plant  in  Plate  IV.  The 
>vork  of  the  fungus  destroys  the  roota  and  shortens  the  life  of  the  plant,  thereby  causing  a  crop  of 
undersized  immature  tubers,  which  have  a  tendency  to  peel  or  shed  the  skin. 

Note  the  lesion  (diseased  part)  pointed  out  by  the  arrow,  and  also  the  roots  destroyed  at  the  points 
nuu'ked  X. 


The  seed  potatoes  throughout  Ohio  are  infected  to  a  much 
greater  extent  than  would  have  been  supposed.  This  indicates 
that  much  of  our  potato  land  is  already  carrying  the  fungus  to  a 
grreater  or  less  amount,  and  as  a  result  our  yields  are  probably 
being  reduced  considerably. 
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Where  the  infection  is  marked  as  plainly  as  that  indicated  in 
Plates  II,  VIII,  IX  and  X,  the  diagnosis  by  knife  sections  and  eye 
inspection  may  be  relied  upon.  There  are,  however,  many  cases 
where  the  infection  is  so  shallow  and  the  coloring  of  the  vesselsat 
the  stem  end  so  slight  as  to  make  the  diagnosis  by  knife  sections 
doubtful;  in  such  cases  accurate  determination  of  the  presenceof 
the  fungus  can  be  made  only  by  artificial  cultures  or  microscopic 
examinations  (See  Plate  III). 

In  table  I  is  given  a  summary  of  the  examinations  made  of 
potato  tubers  and  plants  in  1909  and  1910. 

TABLE  I 

A  SUMMARY  OP  EXAMINATIONS  MADE  FOR  PUSARIUM  ON  SEED  POTATOES 
AND  PLANTS  IN  1909  AND  1910 


County 


Ashtabula. 
Athens  — 
Athens  — 
Athens  — 
Aufflaize  .■ 
Coshocton. 
Cuyabotf^a.. 

Erie 

Erie 

Erie. 

Erie 

Erie. 

Franklin  . 
Franklin  .. 
Franklin  . 
Hamilton. 
Holmes  . . . 
Huron 

Huron  .... 

Huron 

Huron 

Lake 

Loeran ... 

Lotran 

Loaran 

Lorain... 
Medina  — 
Medina  .. . 
Medina  — 
Medina  .... 
Medina.  ■■ 
Medina  ... 
M'ntg-omry 
M'ntg-omry 
Morrow  — 
Ottawa.... 
Portagre.... 
Portage.. .. 
Portage..  •■ 
Portage. . . 
Portag^e  — 

Sandusky. 
Sandusky. 

Seneca 

Seneca 


Town 


Variety 


Andover 
Sharpsburgr 
Sharpsburg- 
Sharpsburir 
New  KnoxviUe 
Coshocton 
Cleveland 
Berlin  H'ts 
Berlin  H'ts 
Berlin  H'ts 
Berlin  H'ts 
Berlin  H'ts 
Columbus 
Galloway 
tialloway 
Cmp  Dennison 
Mt.  Eaton 
New  London 

Norwalk 

Norwalk 

Norwalk 

Painesville 

West  Liberty 

West  Liberty 

West  Liberty 

Grafton 

Seville 

Brunswick 

Ixxli 

Medina 

Medina 

Medina 

Dayton 

Englewood 

Marensro 

Port  Clinton 

Mantua 

Garret  tsville 

Garrettsville 

Garrettsville 

Freedom 

Fremont 
Clyde 
Tiffin 
Tiffin 


Early  Ohio 
Early  Ohio 
Early  Ohio 


Billion  Dollar 
Nationals 
Noxalls 
Green  Mt. 
Sir  Walters 
Seneca  Beauty 
Ohio  Jr. 
Gold  Coin 


Mixed 

Early  Variety 

Early  Fortune 


Pres.  Roosevelt 


Carman 
Irish  Cobbler 

Million  Dollar 

Carman 
Gold  Coin 


Material 


Plants 
Tubers 
Tubers 
Tubers 
Tubers 
Plants 
Tubers 
Tubers 
Tubers 
Tubers 
Tubers 
Tubers 
Tubers 
Tubers 
Tubers 
Tubers 
Tubers 
Plants 

Tubers 
Tubers 
Tubers 
Tubers 

3  Plants 

4  Plants 

5  Plants 

2  Plants 

3  Plants 
3  Plants 
Plants 
Plants 
Field 
Field 

2  Plants 

Plants 

Tubers 

Tubers 

Tubers 

Beinff  ship'd 

Field 

Field 

Field  and 

Tubers 
7  PlanU 
Field 
Plants 
Tubers 


Amount  of  Fusariam  Infcctioo 
and  Remarks 


Disease  bad  in  vkinity 
76  percent,  shaltow  to  deep  inffrtiM. 

ICO      "  

80  •• 

40  percent,  infection  n<rt  deep. 

All  Fusarium  blighted. 

Badly  Fusarium  infected. 
60  percent,  infected  H  In- «  "*?*• 
11        .. 

10 

5     ;  .  .. 

8       

22  percent;  infection  sbalkw. 
Some  infected . 
Badly  infected. 
66  percent;  infection  not  deep. 
63  percent;  infectkm  not  deep- 
All  plants  sent  in  wre  Infected- "^ 
sa  ys  25  percent  of  crop  mfcdefl. 

81  percent;  infection  shallow. 
50  percent:  deeply  Infected. 

100  percent:  infection  shallo* 

Some  Fusarium  infection 

Two  infected  with  Fusarium. 

Two 

Three     " 

One 

Two  Fusarium  blighted. 

Two  Fusarium  blighted.        .,ja,bji 

Fusarium  bliffhted:prcmature  flyn» 

Fusarium  blighted;  much  lyw 

1  percent,  premature  dym^-j^,^ 
Fusarium  blighted' premature ay« 
Bothsdead  from  Fusarium- 
All  Fusarium  wilted.     ^. 
18  percent;  deeper  than]*  »"• 
100  pcrcen  t ;  some  infected  deep. 
87  percent,  about  W  in-  «*P' 

7  percent,  K  inch  or  less- 
Fusarium  blight  bad.       . 

3  percent  prematurely  jy w J  j^. 
Considerable  premature dyint^ 
toes  40  to  80  peKCPt  io»»^ 
Four  Fusarium  blighted 
Fusarium  blight  bad. 
Fusarium  bliffbted.^ ,    u,^mort- 
14  percent  infected  ^  in^^^  °^^ 
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TABLE  I— Continued 

A  SUMMARY  OP  EXAMINATIONS  MADE  FOR  PUSARIUM  ON  SEED  POTATOES 
AND  PLANTS  IN  1909  AND  1910 


County 

Town 

Variety 

Material 

Amount  of  Fusarium  Infection 
and  Remarks 

Seneca 

Tiffin 

Sir  Walters 

Tubers 

10  percent  infected  Vz  inch  or  more. 

Seneca 

Tiffin 

Ea.  Petasky 
Selection  807 

Tubers 

76  percent  shallow  infection. 

Seneca 

Tiffin 

Tubers 

100  percent  shallow  inlectkm. 

Seneca 

Tiffin 

Lilly  White 

Tubers 

100  percent  shallow  infection. 

Siark 

Louisville 

Tubers* 

Badly  infected  with  dry-rot. 

Shelby 

Sydney  ^ 

Tubers 

100  percent  infected  about  M  in  deep. 

Summit.... 

Tallmadffe 

Sever*!  varieties 

Field 

Badly  Fusaiium  bliirhted,  prem.  dyinff 
5  to  10  percent,  dry-rotted  at  stem 

Summit... 

Tallmadffe 

Carman 

Tubers 

end  at  time  of  diffsrinff . 

Summit.... 

Tallmadve 

Sir  Walters 

2  percent  dry-rotted  at  stem  end. 

Trumbull. 

Kinsman 

Irish  Cobbler 

Plants 

Some  infect  km. 

Trumbull.. 

Warren 

Fields 

Much  premature  dyinff  from  Fusarium 

Trumbull.. 

No.  Bristol 

Harris  Snowball 

Tubers 

100  percent  infection  shallow. 

Trumbull.. 

No.  Bristol 

SirW.  Raleiffh 

Tubers 

83       •• 

Trumbull.. 

No.  Bristol 

Tubers 

g7       .. 

Trumbull.. 

No.  Bristol 

Pan  American 

Tubers 

100       " 

Trumbull.. 

Kinsman 

Pres.  Roosevelt 

Tubers 

62  percent  deeper  than  M  in.  (See  PI.  X) 

Wayne  — 

Smithville 

Gold  Coin 

Plants 

All  infected  with  Fusarium. 

Wayne  . . . 

West  Salem 

Plants 

50  percent  infected. 

Wayne  .... 

Smithville 

Gold  Coin 

Field 

4  percent  infected. 

Wayne  .... 

Wooster 

Pres.  Roosevelt 
J  Carman.  O.  A. 
\    E.&  sick  field 

Tubers 

22  percent  infected,  shallow  to  deep. 

Wayne  .... 

Wooster 

Tubers 

92  percent  internally  infected. 

J  Carman,  O.  A. 
\   B.&sickfield 

Wajme  ... 

Wooster 

Tubers 

62  percent  by  artificial  cultures. 

Wayne  .•■• 

Wooster 

Carman 

Tubers 

60  percent:  seed  used  in  3 yr.  rot.(Seep.300) 

Wayne  ... 

Wooster 

Green  Mountain 
Whiton's  White 

Tubers 

Some  infected  J^  to  H  in.  deep. 

Wayne  .... 

Wooster 

Mammoth 

Many     "        

Wayne  .... 

Wooster 

Irish  Cobbler 

Tubers 

Badly  infected  at  stem  end. 

Wayne  . . . 

Wooster 

Tubers 

100  percent:  infection  shallow. 

Wayne  .... 

Wooster 

Tubers 

100  percent;  infectk>n  shaltow. 

*From  storage 


From  the  examinations  given  in  Table  I  it  is  quite  plain  that 
the  disease  is  generally  distributed  throughout  the  state.  The 
heavier  losses  come  from  planting  the  potato  crop  on  soils  previously 
infested,  that  is,  upon  areas  which  may  be  designated  as  "potato- 
sick.     (See  Plate  XI.) 

CULTURE  WORK  AND  ARTIFICIAL  INOCULATIONS 

m 

No  diflSculty  is  experienced  in  taking  the  parasitic  organisms 
from  the  infected  tubers  and  plants.  Pieces  of  the  infected  potato, 
if  properly  surface-sterilized,  will,  when  placed  in  culture  dishes  on 
any  of  the  common  nutrient  media,  bring  out  the  fungus  readily  in 
two  or  three  days.  The  preliminary  growth  is  white  and  cottony. 
It  is  common  to  find  associated  with  the  Fusarium,  and  likewise 
penetrating  the  tuber  sometimes  to  a  depth  of  one-fourth  to  one-half 
inch,  a  fungus  of  the  genus  Verniicularta.  (See  Plate  III  and 
description).  In  potatoes  which,  by  means  of  artificial  cultures, 
showed  a  Fusarium  oxysporum  infection  of  62.8  percent,  the  Ver- 
micularia   was  present  to  an  extent    of  10.3   percent;  this  latter 
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infection  coming  as  a  rule  only  from  pieces  of  tubers  which  also 
gave  a  Fusarium  growth.  The  relation  of  this  Vermicularia  to  the 
Fusarium  blight  disease  has  not  been  fully  established,  though  a 
considerable  amount  of  inoculation  work  has  been  carried  out  with 
and  without  its  association.  When  used  alone  it  brings  about  no 
disease  symptoms.  If  it  assists  any  in  bringing  about  the  disease, 
its  work  is  that  of  a  semi-parasite  which  follows  the  openings  made 
by  the  Fusarium.  It  is  almost  invariably  present  on  the  under 
ground  stems  and  roots  of  sick  plants  in  the  field,  and  upon  tubers 
which  are  carrying  intemaUy  the  Fusarium  fungus,  showing  plainly 
by  means  of  the  hand  lens  at  the  point  of  the  stem  connection.  The 
writer  has  many  times  taken  it  from  internal  parts  of  the  roots  and 
underground  stems  of  potato  plants  which  were  showing  only  the 
first  symptoms  of  the  Fusarium  blight. 

To  determine  whether  the  Fusarium  found  in  the  blackened 
vascular  ring  is  identical  with  the  Fusarium  of  dry-rot,  and  also 
whether  each  of  these  causes  stem  blight,  the  writer  separated  the 
organisms  from  the  two  sources,  carried  them  through  artificial 
cultures,  and  also  carried  out  artificial  infection  experiments.  The 
cultural  characteristics  were  apparently  identical.  In  the  infection 
work  both  of  the  organisms  were  wilt  producing,  bringing  about 
symptoms  quite  typical  with  that  of  the  Fusarium  blight  in  the  field. 
(See  Plate  IV,  potato  at  the  right.) 

Artificial  infections  were  brought  about  in  a  number  of  ways. 
Slight  injuries  of  the  roots  or  knife  incisions  in  the  presence  of  the 
organism  brought  about  the  most  rapid  infections.  The  organism 
is,  however,  productive  of  infection  in  the  absence  of  any  root  dis- 
turbance or  stem  injury,. as  was  shown  by  a  number  of  experiments. 

WORK  WITH  SICK  SOIL  IN  THE  GREENHOUSE 

In  order  to  demonstrate  whether  the  disease  is  an  active  and  per- 
sistent soil  parasite  or  not,  a  quantity  of  the  infected  soil  from  the  dis- 
eased area  of  Plot  22  of  the  three-year  rotation — the  field  which  did  so 
poorly  in  1909— was  brought  into  the  greenhouse.  (Seep.  300  and 
also  Plate  II.)  A  number  of  experiment  were  carried  out  with  this 
infected  soil,  the  most  important  of  which  was  the  following: 

In  a  bench  4  ft.  by  16  ft.  containing  eight  inches  of  thoroughly 
sterilized  soil*  there  were  planted  potatoes  of  three  different  vari- 
eties, which  were  clipped  free  from  the  Fusarium  infection  and 
then  treated  in  formaldehyde.     This  treatment  gave  assurance  that 

•The  sterilizinff  process  consisted  of  two  thorouffh  drenchtnirs  with  a  formaldehyde  eolation,  made 
of  one  pound  of  formaldehyde  in  30  gallons  of  water,  and  used  at  the  rate  of  one  ffaUoQ  per  square  foot. 
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the  seed  was  not  carrying*  infection.  The  varieties  used  were  Car- 
man No.  3,  Irish  Cobbler  and  Whiton's  White  Mammoth.  In  order 
to  infect  certain  rows  without  greatly  modifying  the  fertility  factor, 
a  small  quantity  of  the  sick  soil  was  mixed  thoroughly  in  each  hill 
to  be  infected  In  the  infected  hills  the  disease  came  on  slowly,  but 
very  conspicuously.  The  marked  yellowing  of  the  infected  plants 
contrasted  very  strongly  against  the  dark  green  of  the  non-infected 
plants.  The  disease  came  on  much  more  definitely  under  the 
sick  soil  infection  than  it  did  where  pure  artificial  cultures  were 
used  without  incisions  or  root  injury.  The  great  difference 
between  sick  soil  infection,  and  that  from  pure  cultures  or  even 
internal  seed  infection,  is  that  in  the  use  of  sick  soil  the  roots  are 
attacked  at  practically  every  point,  while  with  pure  cultures,  or 
seed  internally  infected,  the  fungus  attacks  only  in  close  proximity 
to  the  main  root,  while  most  of  the  secondary  roots  and  the  root 
hairs  remain  healthy.  The  writer  is  inclined  to  believe  that  this 
organism  is  slower  to  penetrate  through  the  soil  than  are  certain 
others  of  the  genus  Fusarium  with  which  he  has  worked,  for 
example,  the  Fusarium  of  flax  wilt,  and  the  Fusarium  of  cabbage 
wilt.  On  the  other  hand,  it  is  readily  distributed  by  the  cultivation 
during  the  season. 

FACTORS  WHICH  INFLUENCE  THE  PROGRESS  AND 
DISSEMINATION  OF  THE  DISEASE 

METEROLOQICAL  CONDITIONS 

As  previously  noted,  p.  302,  in  Europe  much  has  been  said  in 
reg^ard  to  the  influence  of  drouth,  excessive  moisture  and  high 
temperatures  upon  the  progress  of  the  disease.  From  observations 
made,  it  seems  quite  apparent  that  drouth  hastens  the  yellowing 
symptoms  of  the  disease.  The  writer,  however,  is  quite  undecided 
as  to  the  influence  this  factor  has  upon  the  activity  of  the  fungus 
causing  the  disease.  In  the  history  of  the  disease  at  the  Station, 
the  severest  attack  occurred  during  the  most  favorable  season  we 
have  had  in  a  long  time,  viz.,  in  1909.  The  temperature  and  rainfall 
that  season  were  very  equitable,  as  is  shown  by  Table  II,  p.  319. 

The  average  yield  also  for  Wayne  county  in  1909  shows  that  the 
season  was  conducive  to  an  excellent  potato  crop.  The  average 
yield  for  1909  was  186  bushels,  which  was  85  bushels  higher  than  the 
average  for  the  four  preceding  years.  The  three-year  rotation  at 
the  Station  in  1909  averaged  only  69  bushels,  which  was  110  bushels 
below  the  average  yield  for  the  four  preceding  years.  From  his 
observations  the  writer  is  of  the  opinion  that  as  far  as  reducing  the 
yield  is  concerned,  the  fungus  will  average  in  sick  fields  as  great  a 
percentage  in  reduction  under  favorable  conditions  as  under  drouth. 
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Fiff.  1 


Fiff.  2 

PLATE  VII 

Fig.  1*  ^Showinsra  potatorottinsrin  the  soil  from  the  Fuaarium  diaeaae  Instead  of  beinr  ia  ttis 
instance  a  *'dry-rot",  it  was  a  typical  case  of  **wet  rot" 

Whenever  potatoes  are  placed  in  a  warm,  dannp  storage  they  go  to  pieces  quickly  from  this  disease:  tbe 
fundus  often  showing  on  the  surface  as  patches  of  a  white,  moldy  growth.  In  damp  storage,  bacteria  e«tr 
become  associated  with  the  Fusarium  disease,  causing  vtret,  soft  rots.  Storage  cellars  should  be  keptcooL 
dry,  and  well  drained.  Burying  (pitting)  in  the  field  is  more  satisfactory  than  most  cellar  storage  ior 
seed  purposes.     Material  from  M.  B.  Yonker,  Mantua,  Portage  county,  Ohio. 

Fie,  2.  Showing  premature  dying  in  the  field  on  an  area  which  has  become  infested  with  ttc 
Fusarium  disease.  (See  PI.  XIII).  It  ia  impossible  to  grow  a  maximum  crop  on  infected  soils.  Tlw 
rotation  should  be  lengthened  so  that  the  potato  crop  will  not  come  oftener  than  once  in  foor  to  rii 
years.    See  p.  320 
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It  is  very  apparent  that  the  disease  does  penetrate  much  deeper 
when  potatoes  mature  under  drouth  conditions,  than  when  the 
growing  season  is  prolonged.  This  is  probably  due  to  the  much 
higher  temperature  of  the  ground,  under  which  condition  the  disease 
likewise  makes  greater  headway  on  potatoes  in  storage.  It  is  quite 
probable  that  the  somewhat  droughty  period  in  the  latter  part  of 
1908  gave  us  a  higher  percentage  of  seed  infection,"  together  with  a 
deeper  infection  than  that  of  an  average  season.  We  may  expect 
this  to  be  the  case  again  from  the  early 
which  failed  to  catch  the  early  fall  rains, 
certainly  advisable. 

TABLE  II 


matured  potatoes  of  1910, 
Inspection  of  the  seed  is 


MBAN  AVBRAQS  TBMPBRATURB  AND  RAINFALL  AT  WOOSTBR  FOR  THB 
GROWING  SBASONS  OF  1908,  1909  AND  1910 

Month 

1906 

1909 

1910 

June 

July 

Mean  Temp 
68.1 
72.4 

ee.o 

66.4 

Rainfall 

3.17 

3.44 

3.17 

.73 

Mean  Temp 
69.3 
69.6 
70.4 
62.2 

Rainfall 
6.44 
4.05 
6.21 
1.73 

Mean  Temp 
64.3 
72.6 
70.9 
66.3 

Rainfall 
2.57 
1.12 

Ausrust 

September. .. 

.95 
2.50 

EARLY  VERSUS  LATE  PLANTING 

Much  difference  of  opinion  prevails  in  the  potato  districts  as  to 
the  time  of  planting*  to  obtain  the  g-reatest  yields.  Some  prefer  to 
plant  medium  early,  others  to  plant  late,  in  hopes  of  striking  the  fall 
rains.  The  writer  cares  to  discuss  only  the  possibility  of  obtaining 
a  somewhat  better  seed  stock  from  properly  matured  late  grown 
potatoes,  than  from  the  average  or  early  matured  crop.  In  Bulletin 
218  of  this  Station,  Mr.  Gourley  reports  some  experiments  con- 
ducted in  1909  by  the  Department  of  Horticulture  upon  the  value  of 
**Late  Grown  versus  Common  Potato  Seed,"  in  which  the  yield  from 
the  former  was  33.7  percent  greater  than  the  latter.  As  far  as  the 
Fusarium  disease  may  be  related  to  this,  it  is  quite  evident  that 
potatoes  maturing  under  the  cool  conditions  of  fall  weather  will  not 
be  as  deeply  infected  as  will  those  tubers  maturing  under  the  higher 
temperatures  of  late  summer.  Also  the  later  matured  tubers  will 
go  into  storage  in  better  condition  than  will  the  early  matured. 
STORAGE  CONDITIONS  FOR  SEED  PURPOSE 

Too  much  emphasis  cannot  be  placed  upon  the  value  of  proper 
storage.  Not  alone  should  this  emphasis  be  placed  because  proper 
storage  controls  the  Fusarium  of  dry-rot  and  other  diseases,  but 
because  the  vitality  of  the  seed  is  such  an  important  factor  in  potato 
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production  that  it  should  never  be  overlooked.  There  is,  in  the 
opinion  of  the  writer,  no  other  single  factor  so  important  to  the 
potato  industry.  In  this  connection  attention  is  called  again  to 
Bulletin  218  of  this  Station  in  which  Mr.  Ballou  points  out  the 
advantages  and  disadvantages  of  each  particular  kind  of  storage. 
The  reader  is  referred  to  this  bulletin.  From  the  observations  of 
the  writer,  it  is  obvious  that  pit  storage  gives  excellent  results 
when  properly  carried  out.  It  is  available  to  all  who  have  not  other 
proper  storage  facilities.  Mr.  Ballou  has  carefully  described  the 
outdoor  pit  method  of  storage  in  the  above  mentioned  bulletin.  The 
writer  can  do  no  better  than  to  quote  him:  ''Potatoes  may  also  be 
buried  in  out-door  pits  and  kept  in  fine  condition  until  planting  time. 
A  well  drained  location  should  be  chosen  for  the  pit — one  from 
which  the  surface  water  will  readily  run  away.  The  tubers  are 
piled  in  conical,  pyramidal  or  long,  shai-p-ridged  heaps,  and  covered 
over  with  six  or  eight  inches  of  clean  straw.  Over  the  straw  is 
covered  about  six  inches  of  soil.  Straw  is  also  spread  on  the  ground 
in  a  circle  a  little  distance  back  from  the  base  of  the  pit;  this  is  to 
prevent  the  ground  thus  covered  from  freezing,  so  that  more  soil 
may  be  readily  available  when  desired.  As  soon  as  the  first  cover- 
ing of  the  soil  over  the  pit  has  become  solidly  frozen  a  second 
covering  of  straw  is  added,  and  over  the  straw  another  six  inches  of 
soil.  The  second  stratum  of  soil  is  then  allowed  to  freeze  solid, 
after  which  a  layer  of  bundles  of  corn  stover  or  a  heavy  covering  of 
straw  is  placed  around  or  over  the  pit,  to  shade  and  maintain  the 
low  degree  of  temperature  prevailing  within.  Potatoes  wintered  in 
this  way  come  out  clean,  plump,  fresh  and  unsprouted  at  planting 
time." 

Storage  temperatures,  when  kept  below  42  degrees  Fahrenheit, 
will  bring  potatoes  through  in  excellent  condition,  and  at  the  same 
time  prevent  the  Fusarium    infection  from  making  much  progress. 

THE  LENGTH  OF  ROTATIONS 

There  is  much  evidence  to  indicate  that  many  growers  are 
practicing  potato  rotations  of  too  short  a  duration.  Most  of  such 
growers  have  attempted  to  maintain  a  three-year  rotation  of  wheat, 
clover,  potatoes. 

The  potato  and  dairy  section  of  the  State  is  well  adapted  to 
this  practice.  However,  this  disease  factor  has  been  giving  trouble. 
It  is  quite  common  to  find  growers  who,  upon  raising  a  profitable 
crop  of  potatoes  on  an  especially  well  fitted  area  will  run  the  risk  of 
taking  a  second  crop  the  next  season  from  the  same  land.  This  is 
certainly  poor    practice  as  far  as  the  disease  factors  are   concerned. 
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PLATE  VIII 

Showing  how  differently  the  disease  works  on  tubers  of  the  same  variety.  In  the  tubers  at  the 
Ft  the  disease  begins  its  work  as  a  dry  rot,  while  in  those  at  the  right  the  fungus  follows  the  vessels. 
abers,  infested  as  are  those  on  the  left,  may  have  the  disease  cut  away,  which,  when  followed  by 
e<l  treatment  (fomuddehyde  method,  see  p 332),  would  give  seed  free  from  disease.  However,  this 
ould  not  be  possible  with  the  tubers  on  the  right,  as  they  carry  the  disease  in  all  parts. 
Variety,  President  Roosevelt  from  L.  P.  Scott,  Kinsman,  Ohio. 
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Scab,  rosette,  black-leg,  the  bacterial  blight,  and  the  Fusarium  wilt 
may  all  carry  over  in  the  soil,  and  such  successive  planting  of  pota- 
toes on  the  same  area  insures  more  sickness  in  the  seed  with  each 
successive  crop.  Where  sufficient  care  is  not  given  the  seed  to 
eliminate  the  Fusarium  fungus,  the  three  year  rotation  is  certainly 
too  short.  It  will  be  far  more  advisable  to  practice  a  four-year,  or 
even  a  five-year  rotation,  if  crops  suitable  for  maintaining  fertility 
and  profit  can  be  used.  The  three-year  rotation,  wheat-clover- 
potatoes,  at  the  Station  has,  during  the  past  two  seasons,  sustained 
such  heavy  losses  from  the  Fusarium  blight  as  to  cause  those  having 
the  management  to  seriously  contemplate  dropping  the  potatoes 
from  the  rotation  for  five  years. 


FUr.  1 


\ 


Fiff.  2 


PLATE  IX 


The  variety  in  Pig.  1  is  President  Roosevelt  from  Portage  county.  When  the  disease  penetrates 
deeply  into  the  tubers  of  this  variety,  it  seems  to  be  confined  closely  to  the  ring  which  contains  the 
water  and  food  conducting  vessels  (see  tuber  at  left  in  Pig  1.)  The  variety  in  Fig.  2  is  Kariy  Ohio  from 
Athens  county.    The  disease  in  this  variety  is  more  or  less  peppered  throughout  the  tuber. 

CARE  OF  REFUSE  AND  INFECTED  MATERIAL 
Emphasis  need  hardly  be  placed  upon  the  fact  that  partially 
rotted  tubers  and  refuse  from  storage  ought  not  to  be  thrown  on 
the  manure  pile,  as  this  w^ill  be  a  most  certain  and  rapid  method  of 
infecting  the  fields.  The  better  way  to  dispose  of  such  material  is 
to  place  it  in  a  pit  or  on  a  dump  pile  from  which  no  distribution  will 
take  place. 
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FIELD  EXPERIMENTS  IN  ITS  CONTROL 
BPPBCTS  OP  THB  DI8BASB  ON  THB  STAND 

Preliminary  experiments  in  the  g-reenhouse,  in  which  the 
cted  parts  of  the  potatoes  (stem  ends)  were  cut  away,  following 
ch  seed  treatment  was  given,  indicated  that  it  was  possible  to 
lig-htly  infected  seed  in  this  manner  after  treatment  without  any 
ger  of  the  seed  carrying  the  disease.  Believing  this  method 
Id  be  made  of  practical  value,  a  number  of  field  experiments 
e  outlined.  Nine  different  varieties,  varying  greatly  in  the 
:ent  and  depth  of  infection  with  the  Fusarium  disease,  were 
1  in  these  experiments.  The  varieties  differed  greatly  as  to 
r  seed  value  on  account  of  storage  conditions.  In  Table  III  is 
n  a  summary  of  the  condition  of  the  seed  used. 

TABLE  III 

HO^VINQ  THB  VARIBTIBS.  SOURCB,  CONDITION  AND  PUSARIUM  INPBCTION 

OP  THB  POTATOES  USBD  IN  PIBLD  EXPERIMENTS  IN  1910 


Variety 

Source 

Condition  for  Seed 

Percent 
Infected 
with  Pus. 

Depth  of  Pu  sarium 
Infection 

ion  Dollar 

Portage  Co. 

Yecy  poor,  cellar  storaire.  much 
dry-rot. 

70to90(?) 

%  to  one  inch. 

Coin 

Seneca  Co. 

Fair,  cellar  storage. 

14 

Ksinch. 

IT  a  Iters 

Pair,  cellar  storajre. 

10 

H  inch. 

r  a  Iters 

Trumbull 
County 

Poor,  cellar  storage,    wire-worm 
eaten. 

40to60(?) 

54  to  J^  in.  or  more. 

.  Roosevelt 

Trumbull 

Good,   unsprouted,    plump,  very 

52  to  95 

52  <f>  deeper  than  « 

County 

deeply  Infected. 

inch. 

r  Ohio 

Athens  Co. 

Pair,  sprouted,  shrunken. 

76 

Shallow 

Cobbler 

Athens  Co. 

Pair,  sprouted,  shrunken. 

80 

Shallow 

jnals 

Erie  Co. 

Good,  plump,  little  sprouted. 

H 

H  inch  or  more. 

U 

Erie  Co. 

Good,  plump,  little  sprouted. 

10 

Vb  inch  or  more , 

Several  of  the  more  deeply  infected  of  these  varieties  were 
1  a  number  of  times  in  small  plot  work  to  determine  the  influ- 
t  of  depth  of  infection  upon  yield  and  upon  stand.  The  variety 
s,  Roosevelt,  illustrated  in  Plate  X,  was  used  in  one  of  these 
s  as  follows:  In  a  comparison  of  seed  in  which  the  infection  was 
away  with  seed  in  which  the  infection  penetrated  from  one- 
th  to  one  inch,  and  also  with  seed  in  which  the  infection  pene- 
ed.  more  than  one  inch,  a  considerable  difference  was  to  be 
:d  both  in  the  stand  and  the  yield.  .  A  row  of  20  hills  with  each 
I  of  seed  was  planted.  Two  half  tubers  were  placed  in  each 
—all  the  seed  was  treated  with  formaldehyde.  Each  of  the 
s  was  sprayed  with  Bordeaux  mixture.  The  summary  is  given 
^able  IV. 
In  the  above  experiments  we  have  only  the  one  varying  factor, 

the  amount  or  depth  of  Fusarium  infection;   it  is  quite  plain 
:  seed,  badly  infected  internally  though  apparently  very  sound 

plump,  will  lower  the  yield  considerably. 
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TABLE  IV 

SHOWING  EFFECT  OF  DEPTH  OF  INFECTION  UPON  STAND  AND  YIELD 
VARIETY  PRESIDENT  ROOSEVELT 


Row                               Treatment 

1 

Effect  on  Ftaod 

Yield  bavd 
oo  if  alTom  1 

1  InfectioDcut  away,  seed  treated. 

2  Infected  J^  to  I  inch  deep,  seed  treated. 

3  '  Infected  one  inch  or  more,  seed  treated 

even. 

even. 
Stand  fair,  quite  uneven. 

86.6 
71.2 

Another  experiment  showed  plainly  the  eflFect  of  diseased 
material  in  retarding"  the  growth  and  in  producing  an  uneven  stand. 
Two  rows  of  18  hills  each  were  planted  with  treated  seed  from 
which  the  infection  had  been  removed.  Three  diflFerent  varieties 
were  used,  viz.,  Nationals,  Irish  Cobbler  and  Early  Ohio;  six  hills 
(two  half  tubers  to  the  hill)  were  "planted  with  each  variety  in  each 
row,  care  being  taken  to  use  one-half  of  each  tuber  in  each  of  the 
rows.  One  of  the  rows  was  infected  by  using  a  thin  slice  of  dry- 
rotted  tubers,  which  was  placed  directly  beside  the  seed.  This 
manner  of  infection  proved  very  severe.  (See  Plate  IV,  lower 
illustration;  the  infected  row  is  at  the  right.)  The  plants  were  very 
much  slower  in  coming  in  the  infected  row,  and  the  stand  was  very 
irregular;  the  yield  was  reduced  46.6  percent  below  the  non-infected 
row.  All  the  varieties  suffered  about  equally  from  the  Fusarium 
infection. 

RESULTS  FROM  FIELD  EXPERIMENTS  ] 

One  requisite  in   conducting   experiments  in  the  field  was  to 
secure  areas  for  plot  work  which  were  not  already  diseased.       la 
this  we  were  quite  successful.       The    field    on  which  the  experi- 
ments were  conducted  at  Wooster  had   not  grown  potatoes  for  at 
least  17  years,  and  quite  probably  previous  to  that  time  had  never 
had  potatoes  on  it.     The  field  at  Mantua  was  a  timothy  sod,  and  bad 
not  raised  potatoes  for  at  least  6  or  7  years.     At  Kinsman  the  field 
had  been  used  in  potatoes  three  years  previous  to  1910.      According" 
to  the  knowledge  of  the  owner  the  field  at  Tiffin  had  never  been  in. 
potatoes.     In  the  treatment  of  the  potatoes  at  Kinsman  an  error  was 
made  in  letting  the  potatoes   stand   six  hours  in   the  formaldehyde 
solution,  instead  of  two;  as  a   result  of  this  oversight  the  stand  in 
Plot  2  was  reduced  nearly  50  percent.     On  account  of  this  error  no 
comparison  could  be    made  in   the  yields.      The  overtreated  ploU 
however,  gave  some  valuable  data  in  regard  to  the  amount  of  Fasar-* 
ium  infected  vines  it  contained  as  compared  with  the  other  plots. 
The  writer  is  indebted  to  Mr.  Arzberger,   Assistant  Botanist,  for 
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cing  the  data  at  harvest  time  on  the  plots  at  Kinsman.  He  noted 
it  the  over-treated  plot  (See  Table  V,  p.  327  work  at  Kinsman, 
►t  2)  showed  only  4  to  5  percent  of  the  yines  infected  with  the  Fu- 
•ium  blight;  whereas  ,the  other  plots  showed  from  20  to  70  percent. 


PLATE  X 
wywiag  type  of  seed  used  in  experiments  at  Wooster,  O.,  during  the  season  of  1910.  This  seed 
ifected  one  inch  or  more  in  depth  from  the  stem  end;  the  half  tubers  were  used  in  planting  jus^ 
>tosTaphed  (see  p  327  for  data  on  yields  and  also  Plate  XI  and  description  of  same.)  In  regard  to  the 
ield — Mr.  L.  P.  Scott  says:  "While  our  potatoes  in  1909  were  of  good  size  and  appearance  the 
viras  small,  only  about  70  bushels  per  acre  of  two  varieties,  the  Roosevelt  and  Prince  Henry." 

In.  the  work  at  Wooster  the  variety  Pres.  Roosevelt  afforded  an 
:llent  opportunity  to  study  the  Fusarium  disease,  as  the  seed 
deeply  infected,  thougfh  very  plump.  (See  Plate  X.)  The 
ace  treatment  of  the  infected  seed  left  only  the  one  factor  at 
i  in  the  plot,  viz.,  the   internal  Fusarium  infection.     Hence,  in 

3  of  the  variety  Pres.  Roosevelt  (Table  V)  the  Fusarium  symp- 
5  showed  up  distinctly  on  71.1  percent  of  the  vines,  six  weeks 
re  maturity,  while  the  non-infected  plot  showed  only  4.7  percent 
e  vines  infected.     The  amount  of  Fusarium  infection  which  the 

used  in  these  experiments  was  carrying  is  gfiven  in  Table  III, 
13.      In  Table  V  is  given  a  summary  of  the   yields  from  all  the 
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plots  in  the  field  work,  together  with  the  gains  or  losses  in  perceat 
resulting  from  clipping  away  the  infected  parts  of  the  tubers  and 
then  treating  with  formaldehyde.  In  this  summary  (Table  V)  th« 
varieties  are  arranged  according  to  the  amount  of  internal  Fusariwin 
infection  they  were  carrying,  the  heaviest  infected  being  placed 
first. 


Fuiarium  infected  aeed  Fusarium  infected  seed  Infection  cat  awar 

Treated— yield  80  Iba.  Not  treated— yield  84  lbs.  Treated— yield  1»  5  ttfc 

Piff-  1 


Digitized  by 


Google 


DISEASES  OP  THE  POTATO 


327 


The  increased  yields  brought  about  by  cutting  away  the  infec- 
tion and  treating  the  seed  varied  just  about  in  proportion  to  the 
amount  and  severity  of  the  Fusarium  infection.  Four  of  the  exper- 
iments gave  the  following  gains,  42.26  percent,  20.61  percent,  15.14 
percent,  and  2.95  percent  respectively.  One  experiment  gave  a  loss 
of  5.19  percent.  Considerable  irregularity  is  to  be  noted  in  several 
of  the  experiments,  as   is  exhibited   in  the  summary,  Table  V. 

TABLE  V 

SUMMARY  OF  FIELD  BXPBRIMBNTS  IN  1910  SHOWING  YIELDS  AND 
RESULTS  OF  TREATMENTS 

Variety,  President  Roosevelt,  Wooster,  Wayne  county 


Plot 

Treatment 

Size 

of 

Plot 

Yield  in  lbs 

Average 

Bu.  per 

Acre 

Percent  of 
Increase  by 
Treatment 

No. 

Mark- 
etable 

Small 

1 
2 
3 

Infection  cut  awa)'.  treated. 
Infection  not  cut  away,  not  treated. 
Infection  not  cut  away,  treated 

Acre 

1-25 
1-26 
1-25 

119.5 

84. 
80. 

Not 

taken 

out 

49.99 
35.14 
33.46 

+42.26 

Variety,  Million  Dollar.  Mantua.  Portatre  county 


Infection  not  cut  away,  treated. 
Infection  cut  away,  treated. 
Infection  notcut  away«  not  treated . 


1-10 

471. 

65. 

80.93 

1-10 

575. 

56. 

105.16 

1-10 

490. 

58. 

91.33 

4-15.14 


Variety,  Sir  Walter  Raleiffh,  Kix.$man«  Trumbull  county 


Infection  not  cut  away,  not  treated. 
Infection  cut  away*  seed  treated.* 
Infection  cut  away,  seed  not  treated. 
Infection  cut  away,  seed  treated. 


1-12 

320. 

1-12 

181.5 

1-12 

288. 

1-12 

269, 

Variety,  Noxals,  Wooster,  Wayne  county. 


Infection  cut  away,  treated. 
Infection  not'cut  away,  not  treated. 
Infection  not  cut  away,  treated. 


1-25 

240. 

1-25 

199. 

1-25 

220. 

Not 

taken 

out 


4-20.61 


Variety,  Gold  Coin,  Tiffin,  Seneca  county 


Infection  tot  cut  away,  not  treated. 
Infection  cut  away,  not  treated. 
Infection  cut  away,  treated. 
Infection  not  cut  away,  treated. 


1-30 
1-30 
1-30 
1-30 


62.5 

78. 
71. 

77. 


63.5 
66.5 

48.5 
49. 


63.00 
72  24 
59.73 
63.00 


-^.19 


Variety,  Sir  Walter  Raleigh,  Tiffin,  Seneca  county 


Infection  not  cut  away,  not  treated. 
Infection  cut  away,  treated. 


1-30 
1-30 


176.5 
164. 


45. 
64. 


110.73 
114.00 


+2.95 


*Error  in  treatment— Seed  stood  in  solution  6  hours  instead  of  2.    Stand  injured  about  50  percent. 


Treatment  alone,  without  cutting*  away  the  infection,  as  a  rule  gave 
no  better  results  than  the  untreated,  showing  that  the  chief  factor 
in  reducing  the  yield  was  the  Fusarium  infection  which  was 
internal  in  the  seed,  and  the  treatment  did  not  reach  it. 
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In  examining^  the  tubers  from  each  of  the  plots,  it  was  quite 
evident  that,  where  infected  and  untreated  seed  was  used,  the 
amount  of  internal  infection  was  much  higher.  In  the  variety  Presi- 
dent Roosevelt,  in  Plot  2,  76  percent  of  the  tubers  showed  internal 
infection,  and  nearly  one  percent  was  partially  or  completely  dry. 
rotted  in  the  field.  In  this  same  variety.  Plot  1,  planted  with  seed 
from  which  the  infection  was  cut  away,  and  the  seed  then  treated- 
gave  less  than  one  percent  carrying  internal  infection.  The  dry' 
rotting  at  the  stem  end  was  not  noted  in  the  other  varieties,  except 
a  very  slight  amount  in  the  Sir  Walter  Raleighs  at  Kinsman. 


PLATE  XII 
Showing  the  results  of  nprnyinz  at  Mantua  in  1909,  when  no  early  or  late  bli^t  was  activt.  Tte 
only  active  factor  in  reducing  the  yields  was  the  Fusarium  blight.  The  heavifr  sprayed  ^oti,  vu- 
those  sprayed  with  the  6-6-50  Bordeaux,  stood  up  over  two  weeks  longer  than  the  unspnytd.  Ttc 
plot  at  the  right  (4  rows)  sprayed  with  the  6-€-50  Bordeaux  averaged  22.8  bushels  mora  per  acre  thia 
the  unsprayed  beside  it  (see  Table  VI,  p  329). 

EFFECTS  OF  SPRAYS  ON  FOLIAGE 

The  Fusarium  disease  being  a  soil  trouble,  and  infecting  tbe 
plant  through  the  root  system,  it  was  not  expected  that  spraying 
the  foliage  would  yield  any  results.  During  the  season  of  1909  the 
Department  of  Botany  conducted  potato  spraying  experiments  ic 
cooperation  with  Mr.  M.  E.  Yonker  at  Mantua,  Portage  County 
Fortunately,  for  the  study  of  this  disease,  the  only  active  factor  at 
work  in  1909  in  reducing  the  yields  on  the  area  plotted  for  spraying 
was  the  work  of  the  Fusarium    blight,  which  was  very   prevalent. 
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Evidently  the  soil  was  somewhat  infested.      The  symptoms  of  the 

disease  were  conspicuous  througfhout  most  of  his  fields.     In  some 

spots  the  disease  was  furthered  by  the  activity  of   the  white  grubs. 

However,  the  gfrubs  interfered  little  or  none  with  the  area  on  which 

the  spraying  tests  were  carried  out. 

For   some  reason  the  sprayed   plots,    especially    the  heavier 

sprayed  plots,  viz.,   those   sprayed  with   6-6-50  Bordeaux,    showed 

much  less  premature  dying  than  did  the   unsprayed  plots.      (See 

Plate  XII.)    It  is  difficult  to  explain  this.     The  difference  was  not 

due  to  the  activity  of  early  or  late  blight,  nor  to  flea  beetles,   though 

some  few  were  present;  the  white  grubs  were  not  a  factor.      The 

growth  in  all  sprayed  plots  continued  from  one  to  three  weeks  longer 

than  that  in  the  unsprayed.      Many   of  the  plants  in    the    heavier 

sprayed  plots  continued  their  growth  fully  three  weeks  longer  than 

did  those  in  the  unsprayed  plots.     Whether  the  action  of  the  spray  is 

that  of  a  stimulant  to  the  plants  or  whether  it   partly  controls  the 

Fusarium  fungus  cannot  be  said.      The  fact,  however,   stands  out 

that  the  growth  in  the  sprayed  plots  continued  from  one  to  three 

weeks  longer  than  in  the   unsprayed,  and  the  yield    was  thereby 

increased  on  an  average  of  11.36  bushels  per  acre.     Further  work  is 

"equired  upon  these  points. 

TABLE  VI 

SHOWING  YIELDS  OF  POTATOES  IN  THE  1909  SPRAYINQ  TEST  AT 
M.  E.  YONKBR'S,  FARM  MANTUA.  OHIO 


Plot 
No 

How 
Sprayed 

Variety 

No.  of 

row  in 

plot 

Rows 
duff  4 

Yield  in  lbs. 

Average  Yield  in  bus. 
on  Acre  Bam 

weighed 

Mrktbl 

Small 

Unsprayed  |    Sprayed 

1 
2 
3 

4 

Unsprayed 

6-6-50 

Unsprayed  - 

2-4-6-50 

4-4-50 

Unseed 

2-4-6-60 
Unspra^yed 

6-6-60 
Unsp  rayed 

4-4-50 
Unsprayed 

Miljkxi  Dollar 

4  rows  Mil.  D. 
]  row  (iold  Coin 
SrowsSlr  Wal. 
Sir  Walter  Ral. 

8 
8 
8 

8 

4 
4 
4 

2M    D 
2S.W.R. 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

9fl9. 
1210. 

im. 

1137. 

508. 

535. 

512. 

605. 

664. 

507.5 

520.5 

538. 

670. 

631. 

682. 

616. 

51 
60 
45 

69 

65 
31 
40 
63 
45 
38 
25 
32 
43 
40 
40 
38 

153.0 

180.9 

1746 
163.6 
183.9 
166.2 

189.0 
189.9 

9 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

135.9 
169  8 

197  4 
182.7 

163.6 
171.0 

171  3 
186.6 

Average  yield  per  acre  unsprayed 170.36 

Average  yield  per  acre  sprayed 181.72 

Average  gain  per  acre  from  sprajring 11.36 

•These  spray  mixtures  are  given  in  the  Spray  Calendar,  Bull.  199,  of  this  Station. 

In  Table^  VI  is  gfiven  the  data  for  the  spraying:  work  at  Mantua, 
Portage  Co.  The  only  point  of  interest  in  these  1909  spraying 
results  at  Mantua  is  the  influence  of  the  sprays  in  slightly  retarding 
the  work  of  the  Fusarium  blight. 
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The  writer  is  satisfied  that  spraying  heavily  four  times  during 
the  season  does  somewhat  retard  i\e  activity  of  the  Fusarium 
fungous.  Just  how  the  results  are  broi?,ht  about  cannot  be  satis- 
factorily explained. 

RECOMMENDATIONS  FOR  THE  CONTROL  OF  THE  DISEASE 
CAREFULLY  INSPECT  THE  SEED 

The  first  requisite  is  to  know  the  disease.  The  later  stag^es  of 
the  disease,  viz.,  dry-rot,  is  easily  recognized.  The  potato  grower 
should  become  so  familiar  with  the  internal  symptoms  as  to  recog- 
nize the  disease  at  a  glance.  By  carefully  cutting  knife  sections 
across  the  stem  end  of  the  tubers  the  infected  potatoes  will  show  up 
similarly  to  those  in  Plates  11,  VIII,  IX  and  X.  Determination  of 
the  depth  and  percentage  of  infection  should  be  made  at  the  time  of 
digging.  Should  the  grower  fail  to  make  inspection  previous  to 
placing  the  crop  into  storage  and  later  finds  a  large  percent  infected, 
it  will  be  wise  to  give  the  storage  conditions  particular  attention. 

WHAT  TO  DO  WITH  SICK  SEED 

It  "  111  ct  rtalnly  not  be  advisable  to  place  badly  infected  seed  in 
cellar  stc!ra^*^t\  A  much  safer  plan  would  be  to  select  out  the 
amount  required  for  t^Wc  ute  and  sell  the  remainder  for  early  con- 
sumption. If  the  crop  is  so  little  infected  that  the  diseased  parts 
of  the  tubers  may  be  cut  away,  then  it  may  be  advisable  to  select 
out  the  amount  necessary  for  seed  and  place  this  in  a  more  favor- 
able storage;  if  no  better  method  is  available,  the  out-door  pit 
storage,  when  properly  carried  out  (see  p.  320),  will  answer  very 
well. 

It  is  a  pretty  sure  indication  that  the  crop  has  ripened  prema- 
turely, when  the  potatoes  are  carrying  a  high  percent  o  f  infection, 
though  the  fungus  may  not  penetrate  very  deep;  it  is  also  true  that 
such  seed  will  not  have  the  vitality  or  keeping  qualities  of  seed  that 
has  properly  matured. 

Potatoes  which  are  so  badly  marked  internally  as  to  be  unfit 
for  table  use  may  be  fed  to  the  hogs,  or  other  stock  when  properly 
handled.  The  fungus  will  in  no  way  injure  the  animals.  Manure 
prpduced  in  feeding  badly  infected  raw  tubers  should  be  spread  on 
permanent  pastures  or  applied  so  as  not  to  carry  the  disease  to 
areas  which  will  be  used  for  potatoes. 

MATNTAIN  A  SEED  PLOT 

Disease  has  become  such  a  factor  in  all  farm  crops  that  it  is 
high  time  that  more  attention  should  be  given  to  the  production  of  a 
better  grade  of  seed.  This  can  be  done  only  by  giving  more  atten- 
tion to  the  area  and   seed  which  go  to  produce  the  crop  for  the 
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ollowing"  seasoa^s  use.  To  this  end  a  seed  plot  should  be  selti^ccd 
tach  year  on  an  area  that  the  gfrower  is  well  satisfied  o^rries  no 
x)tato  troubles  and  large  enough  to  supply  in  an  average  season 
ully  double  the  amount  of  seed  required.  This  will  give  an  oppor- 
unity  to  do  hill  selection  at  the  time  of  digging,  thus  keeping  the 
eed  up  to  a  high  yielding  basis  and  of  uniform  quality. 


PLATE  xni 

Shoivine  a  small  area  (2x3  rods)  of  soil  so  infested  with  the  Pusarium  disease  of  potatoes  that  no 
ints  matured  whatever.  Just  how  long  this  disease  may  continue  in  soil  once  infected  has  not  been 
termined.  In  soils  rich  in  humus  the  evidence  points  to  the  disease  continuing  for  several  years 
ithout  the  intervention  of  the  potato  crop. 

The  field  from  which  this  photograph  was  talcen  was  so  sick  with  the  Pusarium  blight,  aided  by 
lb -worms,  that  less  than  39  percent  of  afourteen-year  average  crop  was  realised.  Prom  wheat- 
ver- potato  rotation*  8.  B.  farm,  Wooster,  Ohio,  1909. 

Indifference  to  seed  is  probably  costing  the  grower  more  than 
ly  other  factor  in  potato  growing.  This  seed  plot,  to  begin  with, 
lould  be  planted  with  the  best  seed  obtainable,  free  from  internal 
seases,  and  treated  externally  with  formaldehyde  just  previous  to 
anting.  Care  should  be  taken  throughout  the  season  that  imple- 
ents  used  on  sick  fields  are  properly  cleaned  before  being  used  on 
e  seed  plot.  Spraying  should  be  practiced  to  prevent  foliage 
oubles.  Late  blight,  should  it  strike  the  field  in  the  absence  of 
oper  spraying,  will  infect  internally  much  of  the  seed  and  cause 
storage  rot. 

The  seed  plot  should  be  dug  by  hand  or  plowed  up  in  order  that 
e  product  from  each  hill  may  be  kept  together  to  permit  of  hill 
lection.      But  little     time     need     be    consumed  in  making   this 
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selection,  as  one  picker  can  gather  30  to  40  percent  of  the  hiHsfor 
seed  purposes  while  the  other  gathers  the  remainder.  The  wagon 
box  may  be  divided  to  accommodate  the  two  divisions.  Immediateij 
upon  drying- the  potatoes  selected  for  seed  should  be  placed  in  the 
best  available  storage. 

TREATMENT  PREVIOUS  TO  PLANTING 

Previous  to  seed  treatment,  the  tubers  should  be  inspected  and 
if  the  seed  is  carrying  a  shallow  infection,  this  should  be  cut  awaj. 
This  can  be  done  without  injuring  in  the  least  the  potatoes  for  seed 
purposes. 

There  are  two  satisfactory  methods  of  treating  seed  potatoes. 
The  older  method  is  carried  out  by  placing  the  seed  in  a  solution 
made  by  using  one  pound  of  formaldehyde  (40  percent  grade)  in  30 
gallons  of  water.  The  seed  remains  in  this  solution  one  ond  one-baif 
to  two  hours.  It  is  then  removed  and  allowed  to  dry.  A  longer 
treatment  than  two  hours  will  injure  the  seed.  A  treatment  of 
one-half  hour  is  suflficient  when  the  seed  is  not  carrying  scab  or  the 
fungus  of  the  rosette  disease. 

The  easier  treatment,  also  the  most  rapid,  is  the  formaldehjde 
gas  method.  It  requires  a  room  that  may  be  made  reasonably 
tight  by  blocking  cracks  and  knot  holes.  This  method  is  given  in 
the  Ohio  Station  Bulletins  199  and  214,  from  which  the  writer 
will  quote  the  formula  and  operations. 

PORMALDBHYDB  QAS 

Commercial  40  percent  formaldehyde *...  3  pounds 

Potassium  permanganate 23  ounces 

Sufficient  for  1000  cu.  ft.  of  space  occupied  by  crates  or  trays. 

**Enclose  open  tiers  or  piles  of  slat  crates  filled  with  dry  onions, 
potatoes,  etc.,  in  tight  room  or  oiled  tent  or  canvas  buried  in  the 
earth  about  the-  base.  Generate  the  formaldehyde  gas  in  a  fiat 
bottomed  dish  or  pan  of  adequate  capacity  by  placing  one  of  tbc 
materials,  as  the  liquid  formaldehyde,  in  the  pan,  and  adding  the 
other  the  last  thing  before  retiring.  Then  close  tight  and  allow  to 
remain  closed  24  to  48  hours. 

** Proportionate  or  multiple  unit  amounts  may  be  taken  for 
smaller  or  larger  enclosed  spaces.  Applicable  to  fumigation  of  seeJ 
potatoes  for  scab,  sweet  potatoes  for  rot  troubles  and  to  ncwlj 
gathered,  dry  onions  before  storing  for  winter." 

WHAT  TO  DO  WITH  SICK  FIELDS 
The  grower  should  become  familiar  with  the  field  symptoms  »s 
herein  described.     The  behavior  of  the   crop  during  the  grrowinf 
season  should  be  carefully  noted. 
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Where  soils  have  become  badly  infested  with  the  Fusarium 
fungus,  it  is  certainly  advisable  to  drop  the  gf rowing"  of  potatoes 
from  the  sick  areas  for  at  least  five  or  six  years.  (See  p.  320.)  In 
the  meantime,  grain  or  grass  crops  will  undoubtedly  be  the  most 
favorable  means  to  work  out  the  disease.  Smith  and  Swingle* 
carried  out  a  series  of  experiments  to  learn  what  effect  certain  fer- 
tilizers would  have  upon  the  disease;  they  found  no  beneficial  results 
so  far  as  controlling  the  disease  was  concerned.  There  is  little  to 
be  expected  in  the  way  of  a  soil  remedy. 


PLATE  XIV 
niu8tration8howioethc'*internalblotch"of  potato,  a  disease  which  may  be  confused  with  the 
internal  markings  of  the  Fusarium  infection.  The  cause  of  this  newly  observed  trouble  is  not  known- 
It  is  characterised  by  irregular  rusty  blotches  throughout  the  flesh  and  may  be  due  to  excessive 
variations  in  the  ffrowin^  season,  such  ua  lon^  droughts,  followine  which  favorable  weather  brinss 
about  an  exceed  in  el  y  rapid  tuber  formation.  One  sample  showed  fully  15  to  20  percent  of  the  tubers 
havinc  the  disease. 

POTATO  TROUBLES  IN  OHIO  WITH  WHICH  THE  FUSARIUM 

DISEASE  MAY  BE  CONFUSED 

INTERNAL  BLOTCH 

This  internal  trouble  of  the  potato,  with  which  the  writer  has 
done  microscopic  and  culture  work,  may  be  confused  by  the  layman 
^■^K  ♦w^iat^rMl  markings  of  tubers  by  the  Fusarium  fungus.     It  is 
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characterized  by  rusty  blotches,  irregfularly  distributed  throughout 
the  flesh.  (See  Plate  XIV.)  No  external  symptoms  are  in 
evidence;  the  trouble  is  to  be  observed  only  by  cutting:  into 
the  tuber.  During:  the  past  two  seasons  this  trouble  has  been  met 
with  occasionally  while  making:  examinations  for  the  Fusarium 
infection.  The  cause  of  the  disease  is  not  known.  Microscopic 
exi  minations  and  artificial  culture  work  failed  to  reveal  any  organ 
ism.  For  the  present  it  must  be  classed  among  the  physiological 
troubles,  and  is  presumably  due  to  irregularities  in  the  growing 
season.  This  year  (1910),  in  late  potatoes  which  had  made  a  rapid 
growth  following  the  extreme  drouth  of  the  summer,  one  of  the 
buyers  reported  that  in  one  lot  between  15  and  20  percent  were 
infected  with  this  disease. 


PLATE  XV 

Showing  the  work  of  what  is  probably  the  bacterial  trouble  of  the  potato,  icnown  as  "black-lec:,'* 
disease  which  by  the  layman  may  easily  be  confused  with  the  Fusarium  blifht.  It  is  characterixed  by 
a  much  more  rapid  wilt  than  that  of  the  Fusarium  disease,  acd  generally  the  root  of  the  attacked 
plant  just  below  the  surface  of  the  ground  becomes  so  badly  rotted  (and  blackened)  that  the  plaiit 
usually  falls.  The  collapse  from  this  disease  takes  place  in  such  a  short  t.me  that  the  plant  fails  to  take 
on  the  yellowing  symptoms  so  indicative  of  the  Fusarium  blight. 

A.  S.  Horne^^  reports  having  worked  with  the  disease  in 
England,  which  he  designates,  "internal  disease  and  sprain."  His 
microscopic  examinations  did  not  reveal  a  specific  organism.  He 
carried  out  some  experiments  to  learn  whether  infested  seed  would 

^'iHome,  A.  S.  The  Journal  of  Affr.  Science.  Ill  Part  3:  322-332;  1910. 
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transmit  the  disease.  His  results  could  hardly  be  considered 
positive.  It  seems  quite  probable  that  the  trouble  is  partly  inherited 
by  certain  strains,  and  closely  associated  with  irregfularities  in  the 
gfrowingf  season. 

BLACK  LEG 

The  symptoms  of  this  disease  in  the  field  may  be  misunderstood 
for  that  of  the  Fusarium  blight.  This  is  a  bacterial  disease  which 
rots  the  base  of  the  stem  and  root  causing  a  blackened  lesion,  from 
which  the  popular  name  is  derived.  The  rapid  decay  of  the  shank 
causes  a  wilt.  The  disease  progresses  much  more  rapidly  than  does 
the  Fusarium  blight,  and  it  is  not  accompanied  with  the  marked 
yellowing  symptoms  which  characterizes  the  latter.  What  appears 
to  have  been  this  trouble  was  met  With  at  Kinsman,  Trumbull 
county,  the  past  season  (See  Plate  XV).  Nearly  full  grown 
plants  would  rapidly  wilt  and  the  stem  below  the  ground  would  rot 
so  badly  as  to  allow  the  plant  to  fall.     (See  Ohio  Station  Bulletin  214.) 
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SUMMARY 

1.  The  dry-rot  fungus  {Fusarium  oxysporum  Schlecht)  of 
potato  proves  to  be  a  field  trouble  common  in  Ohio,  which  causes 
a  blight  and  wilt  of  the  crop. 

2.  It  produces  a  sick  soil  condition  in  potato  districts. 

3.  The  field  symptoms  are  characterized  by  a  cessation  of 
growth,  a  yellowing  of  the  foliage,  with  an  upward  and  inward 
rolling  of  the  upper  leaves,  accompanied  by  wilt  during  the  heat  of 
the  day. 

4.  The  sick  soil  conditions  may  reduce  the  yield  to  50  percent 
or  more  of  an  average  crop.  ^         t 
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5.  The  causal  fungus  is  carried  within  the  tubers. 

6.  The  internal  infection  is  characterized  by  brown  or  black- 
ened areas  usually  in  the  vascular  ring;  occasionally  it  specks  the 
flesh  in  other  areas. 

7.  Internally  infected  tubers  are  the  chief  means  of  distribu- 
ting the  disease. 

8.  The  presence  of  the  disease  in  the  tubers  may  be  made 
known  by  cutting  knife  sections  from  the  stem  end. 

9.  The  infection  may  be  removed  from  slightly  infected  seed 
by  clipping  away  the  stem  end  and  following  by  external  treatment 
with  formaldehyde. 

10.  No  attempt  should  be  made  to  use  deeply  infected  seed  as 
the  infection  cannot  be  cut  away. 

11.  Slightly  infected  seed  will  not  materially  reduce  the  yield 
the  first  season.  It  is  a  means,  however,  of  infecting  the  soil,  which 
may  later  result  in  sick  fields. 

12.  Spraying  will  not  control  the  disease. 

13.  Proper  storage  prevents  the  progress  of  the  disease  as  a 
dry-rot. 

14.  Careful  inspection  of  the  seed  should  be  made  before  plac- 
ing it  in  storage.  Cellar  storage  under  dwellings  should  be  avoided 
when  seed  is  infected.     Proper  pit  storage  will  give  better  results^ 

15.  A  seed  plot  on  non-infected  soil  planted  with  carefully 
selected  healthy  seed  will  offer  a  means  of  getting  a  sound  seed 
supply. 

16.  Sick  fields  should  not  be  planted  in  potatoes  again  for  at  least 
five  or  six  years,  and  even  longer  time  may  be  required  to  work  the 
parasitic  fungus  from  the  soil.  Grass  and  grain  crop  will  undoubt- 
edly eliminate  the  fungus  from  the  soil  quicker  than  will  manuring 
and  cultivated  crops. 

17.  Longer  than  a  three-year  potato  rotation  shouU  be 
practiced. 

18.  Storage  litter  and  sick  seed  should  not  be  allowed  to  reach 
the  manure  pile,  as  this  will  be  a  sure  method  of  distributing  the 
disease  and  infecting  the  fields. 

19.  The  disease  demands  further  study.  The  Department  of 
Botany  invites  cooperation  with  potato  growers.  Examination  of 
seed  potatoes  and  plants  will  be  made  and  the  results  reported. 
This  Department,  in  cooperation  with  the  Bureau  of  Plant  Industry 
of  the  U.  S.  Department  of  Agriculture,  has  the  franking  privilege 
on  diseased  plant  material;  the  franks  will  be  sent  to  those  having 
diseased  material  to  be  forwarded. 
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REPORT  OF  THE  BOARD  OF  CONTROL 


To  His  Excellency^  Judson  Harmon,  Governor  of  Ohio: 

Sir:  I  have  the  honor  of  submitting  herewith  the  thirtieth 
annual  report  of  the  Ohio  Agricultural  Experiment  Station,  for  the 
year  ended  June  30,  1911. 

STATE  APPROPRIATIONS 
The  following  sums  have  been  appropriated  by  the  last  General 
Assembly  for  the  support   of  the   Station   during  the  fiscal  years 
1911  and  1912: 

1911  1912 

For  Department  of  Administration $  30,000    $  35,000 

"             **  Agronomy 15,685  18.000 

**  Animal  Husbandry 20,000  20,000 

••Botany 7,000  10,000 

*•  Cooperation  25,000  30,000 

••              ••  Entomology 5,600  8,000 

••  Forestry 7,400  12,000 

•*  Soils 17,000  20,000 

••              ••Chemistry 3,600  5,000 

••Horticulture 14,000  17,000 

••              ••Nutrition 7,000  8,000 

••              **  Dairying 7,200  10,000 

Furniture  and  carpets 750  500 

Addition  to  main  building 20,000 

Addition  to  power  house  and  equipment , 10,000 

Construction  of  sheds 3,500 

Purchase  of  land  at  Germantown 6,355 

Total $200,090    $195,300 

These  appropriations  provide  for  the  addition  to  the  adminis- 
tration building  and  for  the  purchase  of  the  Germantown  Test 
Farm,  as  requested  in  our  last  report,  and  for  a  much  needed 
extension  and  readjustment  of  the  heating  syfetem. 

COUNTY  EXPERIMENT  FARMS 
Several  counties  voted  in  November  upon  the  question  of  estab- 
lishing county  experiment  farms  under  the  law  enacted  in  1910,  and 
the  measure  was  carried  in  Paulding,  Miami,  Belmont  and  Clermont 
counties.     Upon  invitation  of  the  Boards  of  County   Commissioners 
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the  Board  of  Control  visited  Paulding,  Belmont  and  Miami  counties 
in  March  and  April,  and  with  their  approval  the  Commissioners  of 
Miami  county  have  purchased  a  farm  of  about  123  acres,  lying  two 
miles  northwest  of  Troy,  and  those  of  Paulding  county  have  pur- 
chased a  tract  of  92  acres,  a  mile  and  a  half  south  of  Paulding. 
A  location  selected  by  the  Commissioners  of  Belmont  county  was 
approved  by  the  Board  of  Control,  but  before  the  purchase  was  con- 
summated certain  citizens  who  were  dissatisfied  with  the  location 
instituted  injunction  proceedings  and  the  matter  has  not  yet  been 
decided. 

An  invitation  was  received  late  in  June  from  the  Commissioners 
of  Clerment  County  to  assist  in  selecting  a  farm  for  that  county 
and  it  is  expected  that  this  will  be  accomplished  within  a  few  weeks. 

Both  the  Miami  county  and  Paulding  county  farms  had  been 
leased  for  the  season,  but  it  was  found  possible  to  make  satisfactory 
arrangements  with  the  lessees,  under  which  they  surrendered 
their  claims  to  the  Experiment  Station  and  took  service  under  it,  so 
that  a  beginning  has  been  made  in  preparing  these  farms  for  their 
purpose. 

In  selecting  these  farms  the  effort  has  been  made  to  secure 
soils  representing  as  large  areas  as  possible  of  the  counties  in  which 
tuey  are  located,  and  it  is  hoped  that  the  work  done  on  them  may 
prove  to  be  of  great  value  to  the  agriculture  of  those  counties. 

PERSONNEL 

The  term  of  office  of  Mr.  John  Courtright  having  expired,  Mr. 
Frank  B.  Blood  of  Conneaut,  was  appointed  to  succeed  him. 

At  the  annual  meeting  of  the  Board,  held  in  March,  D.  L.  Sam\v 
son  was  elected  President,  H.  L.  GoU,  Secretary,  and  J.  D.  Guthery 
Treasurer. 

Respectfully  submitted, 

H.  L.  GoLL, 
Secretary  of  the  Board  of  Control. 
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REPORT  OF  THE  BURSAR. 


Mr.  D.  Li.  SABfPSON,  President  of  the  Board  of  Control: 

Dear  Sir:  I  respectfully  submit  herewith  the  financial  report 
of  the  Station  for  the  fiscal  year  ending*  June  30,  1911. 

In  statements  A,  B,  C,  D  and  E,  respectively,  will  be  foutld  a 
record  of  receipts  and  expenditures  from  the  various  funds; 
statements  A  and  B  being*  statements  of  account  with  the  appro- 
priations received  from  the  U.  S.  Treasury  and  a  copy  of  the  report 
made  to  the  Governor  of  the  State,  the  U.  S.  Secretary  of  Agri- 
culture, and  the  Secretary  of  the  U.  S.  Treasury;  statement  C 
being'  a  statement  of  account  with  the  State  Treasury,  and  state- 
ment D  showing  the  receipts  from  farm  produce  and  other  sources 
and  the  expenditures  from  that  fund. 

The  four  statements,  A,  B,  C,  and  D,  are  combined  in  statement 
E,  which  shows  the  total  income  and  expenditures  for  the  fiscal  year. 

STATEMENT  A 

Hatch  Fund 

The    Ohio    Agricultural    Experiment    Station    in  account    with    the 
United  States  appropriation  under  the  Hatch  Act 
FOR  1910-1911. 

Dr, 

To  receipts  from  the  Treasurer  of  the  United  States,  as 
per  appropriation  for  the  fiscal  year  ending-  June  30, 
1911,  as  per  act  of  Congress  approved  March  2,  1887 $  15,000.00 

Cr. 

By  expenditures  for: — 

Salaries    $  12,503.31 

Labor 363.70 

Publications 1,414.57 

Postage  and  stationery 1.43 

Seeds,  plants  and  sundry   supplies 10.45 

Traveling  expenses 36.90 

Building-s  and  repairs 669.64 

Total $  15,000.00 

(vii) 
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STATEMENT  B 
Adams  Fund 

The  Ohio   Agricultural    Experiment    Station   in    account  with  the 
United  States  appropriation  under  the  Adams  Act 
FOR  1910-1911 

Dr, 

To  receipts  from  the  Treasurer  of  the  United  States,  as 
per  appropriation  for  the  fiscal  year  ending  June  30, 
1911,  as  per  act  of  Congress,  approved  March  16, 1906 $  15,000.0) 

Cr. 

By  expenditures  for:— 

Salaries $  11,080.95 

Labor 976.08 

Postage  and  stationery .93 

Chemical  and  laboratory  supplies 868.99 

Seeds,  plants  and  sundry  supplies 33.70 

Library 32.50 

Furniture  and  fixtures 4,00 

Scientific  apparatus  and  specimens 1,114.73 

Traveling  expenses 138.12 

Buildings  and  repairs 750.00 


Totals $15,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corporation,  do  berebj 
certify  that  we  have  examined  the  books  and  accounts  of  the  Ohio  Agricultural 
Experiment  Station  for  the  fiscal  year  ended  June  30,  1911  that  we  havefouDd 
the  same  well  kept  and  classified  asjkbove;  that  the  receipts  for  the  yearfroai 
the  Treasurer  of  the  United  States  are  shown  to  have  been  $15,000.00  under  the 
act  of  Congress  of  March  2,  1887,  and  $15,000.00  under  the  act  of  Congress  of 
March  16,  1906,  and  the  corresponding  disbursements  $15,000.00  and  $15,000.00; 
for  all  of  which  proper  vouchers  are  on  file  and  have  been  examined  and  fo«tti 
correct. 

And  we  further  certify  that  the  expenditures  have  been  solely  fortbe 
purposes  set  forth  in  the  acts  of  Congress  approved  March  2,  1887,  and  Marcb 
16,  1906,  and  in  accordance  with  the  terms  of  said  acts,  respectively. 

Signed: 

Geo.  E.  Scott, 
F.  B.  Blood, 

Auditors. 
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STATEMENT  C 

State  Appropriations 

The  Ohio    Agricttltukal    Experiment    Station    in  account    with    the 

State  Treasury 


Appropriation  for: — 


Administration 

Furniture  and  carpets 

Agronomy 

Animal  Husbandry    

Botany 

Cooperative  Experiments 

Entomology 

Forestry 

Soils 

Chemistry 

Horticulture , 

Nutrition 

Dairy  Husbandry 

Purchase  of  land  at  Germantown.. 

Addition  to  Administration  Build- 
ing- complete 

Addition  to  power  house  and  equip- 
ment complete 

Construction  of  sheds 


Totals  for  1911.. 


Administration 

Furniture  and  carpets ... . ; 

Agronomy 

Animal  Husbandry 

Botany 

Cooperative  Experiments  

Entomology 

Forestry 

Soils 

Chemistry 

Horticulture- 

Nutrition .' 

Dairy  Husbandry 

Completing  Nutrition  building.... 

Purchase  of  land 

State's  share  of  assessment  for  road 

construction 

Extension  of  Power  House 


Totals  for  1910.. 

Furniture  and  carpets .. 

Chemistry 

Nutrition 


Totals  for  1909.. 


Totals  for  1909,  1910,  1911. 


Total 
amount  to 
Station's 

credit 


30,000.00 
750.00 

15,685.00 

20,000.00 
7,000.00 

25,000.00 
5,600.00 
7,400.00 

17,000.00 
3,600.00 

14,000.00 
7,000.00 
7,200.00 
6,355.00 

20,000.00 

10,000.00 
3,500.00 


Total 

amount 

expended 


$200,090.00 

$  21,215.19 
500.00 

13,280.66 

11,029.48 
9,188.76 

14.307.45 
4,234.86 
7,660.58 
7,536.84 
3,700.00" 
8,301.32 
3,938.85 
8,000.00 

17,000.00 
4,000.00 

500.00 
3,000.00 


$137,393.99 

%       431.27 

725.89 

4,736.12 


$    5,893,28 


$343,377.27 


$  10,415.88 

879.26 
9,641.12 

498.61 
5,783.63 

468.71 
2,889.76 
3,973.83 

190.66 
3,188.51 

488.65 
1,948.92 


$  40,367.54 

$  21,215.19 
499.60 

13,280.66 

11,029.48 
9,188.76 

14,307.45 
4,234.86 
7,660.58 
7,536.84 
3,700.00 
8,301.32 
3,938.85 
8,000.00 

17,000.00 
4,000.00 


3,000.00 


$136,893.59 


$ 


431.27 

725.89 

4,736.12 


$    5,893.28 


$183,154.41 


Balance  in 

treasury  . 

June  30, 

1911 


$  19,584.12 
750.00 

14,805.74 

10,358.88 
6,501.39 

19,216.37 
5,131.29 
4,510.24 

13,026.17 
3,409.34 

10,811.49 
6,511.35 
5,251.08 
6,355.00 

20,000.00 

10,000.00 
3,500.00 


$159,722.46 

$ 

.40 


500.00 


$       500.40 


$160,222.86 
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STATEMENT  D 

Produce  Fund 
The  Ohio   Agricultural    Experiment    Station   in   account  with  nx 

Produce  Fund 

Dr. 

To  Receipts 

From  Department  of  Administration $  1,062.43 

••  Agronomy 2,527.71 

**                **            **  Animal  Husbandry 13,029.71 

**            **  Botany 3.58 

•*               '*            **  Cooperative  Experiments 1,115.25 

*•            *•  Chemistry 11.50 

••            **  Entomology 616.65 

*•  Forestry 20.40 

**  Horticulture 4,227.69 

*•  Nutrition 636.38 

•*  Soils „  669.29 

"                "            *•  Dairy  Husbandry ., 1,831.59 

Total  receipts  for  the  year $25,7^.18 

To  balance  brought  forward  July  1,  1910 2,309.38 

Total  $27,981."^ 

Cr. 

By  Expenditures 

For  Salaries $  3,906.74 

Labor 2,992.59 

Publications «  144.99 

Postage  and  stationery 152.69 

Freight  and  express 610.95 

Heat,  light,  water  and  power 767.08 

Chemical  and  laboratory  supplies 293.97 

Seeds,  plants  and  sundry  supplies 1,763.42 

Fertilizers 59.30 

Feeding  stuflFs 3,865.14 

Library 165.87 

Tools,  machinery  and  appliances 979.84 

Scientific  apparatus  and  specimens  122.65 

Livestock 3,388.32 

Traveling  expenses 1,779.20 

Contingent  expenses 361.03 

Buildings  and  repairs    6,045.44 

Total  expenditures  for  the  year $27,399.22 

By  balance  carried  forward 5815* 

Total $27,961.?6 
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STATEMENT  E 

TotaU 
Total  Receipts  and  Expenditures  of  the  Ohio   Agricultural  Experi- 
ment Station  for  the  year  ending  June  30,  1911. 
Dr, 
Total  Receipts 

From  United  States  Appropriations $  30,000.00 

**       State  Appropriations 200,090.00 

••       Produce  Fund 25,772.18 

Total  receipts  for  the  year $255,862.18 

Balance  brought  forward  July  1,  1910 145,496,85 

Total $401,359.03 

Cr. 

By  Expenditures 

For  Salaries $65,527.95 

*•  Labor 40,554.12 

"  Publications 8,464.90 

**  Postage  and  stationery 1,923.43 

**  Freight  and  express 3,773.43 

**  Heat,  light,  water  and  power 4,337.90 

**  Chemical  and  laboratory  supplies 2,279.72 

**  Seeds,  plants  and  sundry  supplies  11,181.10 

"  Fertilizers 1,204.59 

•*  Feeding  stuflPs 8,686.76 

*•  Library :.  1,297.13 

*•  Tools,  machinery  and  appliances 22,275.71 

•*  Furniture  and  fixtures 944.82 

**  Scientific  apparatus  and  specimens 2,880.80 

**  Live  stock 11,203.62 

**  Traveling  expenses 10,943.75 

**  Contingent  expenses 863.95 

"  Buildings  and  repairs 42,209.95 

Total  expenditures  for  the  year $240,553.63 

By  balance  carried  forward 160,805.40 

Total  $401,359.03 

Respectfully  submitted, 

W.  H.  Kramer,  Bursar. 
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Hon.  D.  L.  Sampson,  President  of  the  Board  of  Control: 

Sm: — I  have  the  honor  of  submitting:  the  following*  report  on  the 
work  of  this  Station  for  the  year  ended  June  30th,  1911. 

DEPARTMENTAL  WORK 
AGRONOMY 

The  work  of  the  Department  of  Agronomy  is  being  continued 
along"  much  the  same  lines  as  last  year,  including  work  with  the 
following  field  crops: — 

Alfalfa — Seeding  at  different  times  and  under  diflferent  con- 
ditions as  regards  nurse  and  preparatory  crops.  Tests  of  seed 
from  different  sources.  Plant-row  work  with  strains  propagfated 
from  hardy  individual  plants.     The  effect  of  disking  alfalfa. 

Clover — Comparative  tests  of  red,  mammoth,  alsike,  white  and 
sweet  clover.  A  comparison  of  early  and  late  seeding,  with  and 
without  harrowing.  Effect  of  very  deep  and  ordinary  plowing"  on 
stand  and  yield  of  clover.  Plant-row  tests  of  many  field  selected 
plants. 

Corn — Variety  tests;  rate  of  seeding;  time  of  seeding*;  the 
value  of  the  germination  test  as  affecting  crop  yields;  the  economy 
of  planting  thick  and  thinning  to  the  desired  stand;  the  relation  of 
certain  ear  characters  to  yield;  ear-row  tests;  isolated  breeding 
plots;  ensilage  variety  tests  and  thickness  of  planting*  ensilag'e  com. 

Special  forage  crops — A  variety  test  of  field  peas  and  millets; 
tests  of  peas  and  oats  at  different  rates  of  seeding,  and  tests  of 
various  legumes,  including  special  tests  with  hairy  vetch  seeded 
alone  and  with  rye. 

Grasses — A  comparison  of  ten  prominent  meadow  grasses  both 
as  to  yield  and  performance. 

Oats — Manner  of  seeding  relative  to  preparation  of  seed  bed, 
early  and  late  seeding;  thickness  of  seeding;  variety  tests  and  plant- 
row  tests. 

Soybeans — A  test  of  50  varieties;  a  test  of  rate  of  seeding:,  vary- 
ing from  1  to  8  pecks;  a  comparison  of  soybeans  with  cowpeas,  and 
plant-row  tests. 
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Wheat — Tenth-acre  plot  tests  of  over  60  varieties;  hundredth- 
acre  plot  tests  of  over  100  varieties  and  pure  line  strains;  extended 
work  with  individual  plants  in  plant-row  tests;  studies  of  variation 
in  pure  lines  of  wheat  with  respect  to  size  of  kernel,  size  of  head, 
tillering  and  protein  content.  A  test  of  different  g^rades  of  wheat  as 
separated  by  the  ordinary  fanning*  mill.  The  relation  of  rate  of 
seeding"  to  yield.  The  relation  of  time  of  seeding  to  yield,  and 
milling' and  baking  tests. 

Rotations  and  catch  crops — ^A  test  of  20  different  crops  and 
crop  combinations  seeded  in  corn  at  last  cultivation.  *A  comparison 
of  livestock  with  grain  farming. 

Heredity  in  plants— A  special  line  of  studies  has  been  under- 
taken to  determine  whether  heritable  variations  occur  in  pure  lines 
of  self  fertilized  plants.  Wheat  has  been  selected  for  these  studies 
and,  starting  with  a  single  head,  the  progeny  will  be  followed 
through  a  number  of  generations  to  see  whether  extreme  variations 
in  any  one  of  several  characters  may  be  fixed  by  selection. 

ANIMAL  HUSBANDRY 

Horse  feeding — The  comparison  of  corn  and  oats  as  feeds  for 
work  horses  (reported  on  in  Bulletin  195)  has  been  continued,  and  an 
experiment  in  fattening  dra/t  horses  for  market  has  been  conducted. 

Beef  production — Different  proportions  of  grain  and  roughage 
have  been  compared,  and  a  ration  of  corn  and  clover  hay  has  been 
compared  with  one  of  corn,  cottonseed  meal  and  clover  hay.  The 
Angus  herd  is  still  being  used  for  the  production  of  *'baby  beef." 

Hog  feeding — A  number  of  supplements  have  been  used  in 
different  proportions  with  corn  in  dry-lot  feeding,  and  green  feeds 
have  been  compared  with  each  other  and  with  dry  feeds. 

Sheep  and  wool — The  production  of  wool  and  mutton  is 
receiving  more  attention  than  in  previous  years.  A  wool  laboratory, 
with  scouring  plant  included,  is  to  be  provided  during  the  present 
season,  and  fleeces  from  individuals  in  the  breeding  flock  at  the 
Southeastern  Test-farm  will  be  scoured  to  study  individual 
variations  in  wool  production.  The  flock  at  this  Test-farm  now 
consists  of  about  550  head  of  various  ages,  and  a  sheep  and  storage 
barn,  60  ft.  x  68  ft.,  with  a  24  ft.  x  72  ft.  stable  wing  has  been 
erected  which  greatly  facilitates  the  work  in  sheep  husbandry. 
Cooperative  experiments  in  shearing  and  washing  have  been  under- 
taken with  Messrs.  A.  O.  and  Howard  J.  Campbell,  of  Belmont. 

Poultry — The  work  with  poultry  at  the  Southeastern  Test-farm 
is  being  extended,  a  laying  house  20  ft.  x  60  ft.  having  been  erected 
during  the  year.     At  Wooster  14  colony  houses,   10  ft.  x  20  ft.,  and 
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three  smaller  brcx)der  houses,  with  yards  and  facilities  for  hatching 
have  been  provided  and  stocked,  and  experiments  in  meat  and  egg 
production  are  under  way. 

Work  needed— There  is  need  for  exhaustive  experimental  work 
in  the  various  phases  of  the  horse  industry,including'the  feeding  and 
care  of  farm  and  city  work  horses,  brood  mares,  foals  and  growing 
horses.  This  line  of  work  involves  large  expenditures  and  hence 
has  never  been  taken  up  in  a  thorough  way.  The  fact  that  horses 
are  scarce  and  high  in  price,  is  a  good  reason  for  taking  up  this  line 
of  work  as  soon  and  as  thoroughly  as  possible. 

Attempts  to  control  the  internal  parasites  of  sheep  have  em- 
phasized the  fact  that  accurate  knowledge  along  this  line  is  very 
limited,  and  show  the  need  of  work  in  this  phase  of  sheep 
husbandry. 

BOTANY 

The  work  of  the  Department  of  Botany  has  continued  during 
the  past  year  as  outlined  in  my  previous  report.  It  has  included, 
first,  the  examination  of  seeds  for  purity  and  germination  and  the 
identification  Of  weeds  with  suggestions  for  weed  control;  second, 
investigation  of  plant  diseases  and  methods  for  their  control;  and 
third,  plant  breeding  work  with  tobacco  and  certain  wheat  hybrids. 
In  the  matter  of  seed  examination  it  is  hoped  that  the  Station  will 
soon  be  relieved  of  the  inspection  line  of  this  work. 

Weed  spraying — The  results  of  this  work  indicate  that  poison 
ivy,  low  willows,  pawpaw  ahd  some  other  shrubby  growths  may  be 
controlled  by  spraying.  Further  experiments  are  needed  to 
determine  whether  horse  nettle,  Canada  thistle  and  weeds  of  similar 
growth  can  be  controlled  in  meadows  and  pastures  without  too  much 
injury  to  the  grass.  The  best  spray  thus  far  has  been  a  solution  of 
common  salt,  3  pounds  to  the  gallon  of  water. 

Diseases  of  plants — Two  bulletins  on  plant  diseases  have  been 
published  during  the  year:  No.  228,  entitled  *'Two  recent  important 
cabbage  diseases  of  Ohio,"  and  dealing  with  the  Fusarium  wilt  and 
black-leg  and  foot-rot  of  cabbage,  both  of  which  have  become 
destructive  in  the  cabbage  growing  districts,  and  No.  229,  **The 
Fusarium  wilt  and  dry-rot  of  the  potato",  a  prevalent  disease  of  the 
potato,  which  affects  both  tops  and  tubers  and  is  thus  transmitted 
from  year  to  year  if  infected  seed  is  used.  The  work  reported  in 
these  bulletins  is  being  continued. 

A  serious,  and  as  yet  unsolved  problem  for  the  orchardists  of 
southeastern  Ohio  has  developed  in  the  canker  diseases  of  various 
kinds  affecting  the  trunk  and  branches  of  bearing   apple  and  pear 
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trees.  These  diseases  are  being*  carefully  studied  in  the  hope  of 
finding  some  means  for  controlling'  them.  Investigations  are  also 
being  made  in  the  diseases  of  forest  and  shade  trees. 

Plant  breeding  work  on  tobacco  is  being  conducted  in  coopera- 
tion with  the  Bureau  of  Plant  Industry,  U.  S.  Department  of 
Agrriculture,  and  the  results  of  this  work  for  the  past  eight  years 
are  being  prepared  for  publication. 

CHEMISTRY 

The  work  of  this  department  is  being  conducted  along  the 
following  lines: 

Cooperative  analyses — including  analyses  of  grains,  forage 
crops  and  grasses  for  the  Department  of  Agronomy;  of  feeds  and 
manure  for  the  Department  of  Animal  Husbandry;  a  study  of  the 
soils  in  tTie  cultivated  and  mulched  orchard  plots  in  cooperation  with 
the  Department  of  Horticulture,  and  studies  on  the  composition  of 
manures  reenforced  with  various  materials,  and  determination  of 
the  amount  of  nitrogen  carried  to  the  soil  by  rain  or  snow,  for  the 
Department  of  Soil  Fertility. 

Soil  chemistry — Investigations  on  the  chemical  composition  of 
representative  types  of  soil  are  being  continued.  While  an  invoice 
of  the  total  amount  of  contituents  present  is  obtained,  the  primary 
object  in  View  is  to  secure  basic  information  as  to  the  total  amount 
and  availibility  of  phosphorus  present  in  the  soil,  the  effect  of  vari- 
ous soil  treatments  on  the  phosphorus  content,  and  the  relative  value 
of  different  carriers  of  phosphorus,  as  measured  by  plant  growth 
and  the  quantity  of  phosphorus  taken  up  by  the  plant. 

Plant  physiological  chemisty— This  work  includes  the  study 
of  the  absorption  of  plant  nutrients  by  cereals,  a  report  on  which 
has  been  presented  in  Bulletin  221;  investigations  on  the  relation  of 
the  organic  to  the  inorganic  constituents  of  the  wheat  grain  as  in- 
fluencing its  quality,  and  a  study  of  the  influence  of  the  sulphur 
supply  in  the  soil  on  the  proteid  content  of  leguminous  plants. 

COOPERATION 

The  work  of  this  Department  of  the  Station  includes  the  super- 
vision of  field  experiments  made  by  farmers  in  cooperation  with  the 
Station;  a  study  of  the  methods  of  farm  management  and  practice 
actually  employed  in  the  state;  a  general  survey  of  the  agriculture 
of  the  state,  and  the  making  of  exhibits  at  county  fairs. 

Field  experiments — The  use  of  cooperative  field  experiments 
is  limited  almost  exclusively  to  the  determination  of  the  adaptability 
of  a  given  variety,  crop,  fertilizer  or  method  to  a  plan  which  has  been 
adopted  for  the  management  of  the  farm  upon  which  the  experiment 
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is  made.  A  representative  of  the  Department  works  out  the  details 
of  the  experiment  somewhat  in  advance  of  planting*  time  and  makes 
such  visits  to  the  farm  throug-hout  the  season  as  are  necessary  to 
superintend  its  execution.  Ordinarily,  however,  such  experiments 
will  have  a  general  application  in  the  soil  area  in  which  they  are  lo- 
cated. 

Farm  management  and  farm  practice  investigations — ^The  ob- 
ject of  this  work  is  to  obtain  definite  knowledge  concerning"  the 
methods  of  farm  manag'ement  and  practice  in  vog^ue  throughout  the 
state,  and  by  comparing  these  to  assist  the  farmer  in  improving  his 
methods  and  to  furnish  the  Station  with  the  data  necessary  to  the 
application  of  the  results  of  its  work  to  actual  farm  conditions.  In 
Circular  107  is  reported  the  system  of  farm  management  practised 
on  an  alfalfa  and  truck  farm  in  southeastern  Ohio;  Bulletin  227  fur- 
nishes data  collected  in  a  study  of  farm  equipment,  and  Circular  111 
is  a  study  of  the  management  of  clover  in  corn  belt  rotations.  This 
work  is  conducted  in  cooperation  with  the  Office  of  Farm  Manag'e- 
ment Investigations,  Bureau  of  Plant  Industry,  U.  S.  Department  of 
Agriculture,  which  office  contributes  a  part  of  the  expense.  Bulle- 
tin 227  and  Circular  111  were  prepared  by  members  of  the  stafE  of 
the  office  mentioned. 

An  investigation  on  the  production  of  milk  in  farm  dairies  has 
been  in  progress  for  several  years,  and  studies  are  in  progress 
concerning  the  swine  and  poultry  industries. 

Agricultural  Survey— In  my  report  for  1909  I  called  attention  to 
the  need  for  such  definite  information  concerning"  the  soil  and  other 
agricultural  conditions  of  the  state  as  would  be  furnished  by  an  agri- 
cultural survey.  With  the  expansion  of  the  Station's  work  during 
recent  years  this  need  has  become  more  and  more  urg-ent.  The 
crop  and  other  studies  which  have  been  mentioned  above  are  so  con- 
ducted as  to  contribute  to  such  a  survey,  and  the  work  is  now  to  be 
supplemented  by  a  reconnoisance  survey  of  the  soil  types  of  the 
state,  made  by  an  expert  of  broad  experience  in  this  field  of 
work. 

County  fair  exhibits — Exclusive  of  the  State  Fair,  at  which  the 
Station  makes  an  exhibit  covering  10,000  square  feet  in  area,  thirty 
or  more  county  fairs  will  be  reached  this  year  by  means  of  three 
exhibit  outfits.  A  carload  of  material  is  required  for  the  installa- 
tion of  each  exhibit.  Each  outfit  carries  a  tent  35  by  60  feet  in  size, 
which  is  used  for  housing  the  exhibit  at  such  fairs  as  find  it  incon- 
venient to  furnish  a  satisfactory  building.  The  State  Railroad  Com- 
mission has  kindly  arranged  for  a  uniform  rating  of  the  exhibit  over 
most  of  the  railroads  in  Ohio,  and  the  railroad  manag'ements  have 
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given  especially  fine  service  in  almost  every  case.  Without  this  co- 
operation on  the  part  of  the  railroads  it  would  be  almost  impossible 
to  send  each  exhibit,  as  we  do,  to  ten  different  fairs  in  as  many 
weeks.  An  illustrated  souvenir  regarding  the  Station's  work  is  be- 
ing prepared  for  distribution  at  the  different  fairs. 

DAIRYING 

When  the  Station  was  removed  to  its  present  location  it  was 
planned  to  make  dairying  one  of  the  leading  features  of  its  work. 
A  large  dairy  barn  was  erected,  a  creamery  was  built  and  fully 
equipped,  and  foundation  herds  were  established,  including  three  of 
the  distinctively  dairy  breeds.  Within  a  few  years,  however,  it  was 
found  that  the  cattle  had  become  infected  with  tuberculosis,  which 
made  it  necessary  to  dispose  of  most  of  the  cows  and  suspend  oper- 
ations in  the  creamery.  By  the  systematic  use  of  the  tuberculin 
test  and  thorough  disinfection  of  the  barnt  he  disease  was  completely 
eradicated,  and  a  herd  of  sound  animals  was  built  up  from  the  pro- 
geny of  the  diseased  cattle,  a  work  which  required  years  for  its 
accomplishment  but  which  has  demonstrated  the  practicability  of 
eradicating  this  disease  and  maintaining  a  herd  free  from  it,  and 
thus  has  performed  a  greater  service  to  the  dairy  industry  of  the 
state  than  could  have  been  accomplished  under  the  original  plans. 

Having  completed  this  work  the  Station  is  now  prepared  to 
enter  upon  other  lines  of  investigation  in  dairying,  and  it  is  import- 
ant to  so  plan  and  conduct  the  work  that  it  shall  contribute  to  the 
solutions  of  the  problems  which  confront  the  practical  dairyman  of 
today. 

These  problems  lie  along  three  principal  lines:  First,  the  pro- 
duction at  a  minimum  cost  of  sound  wholesome  milk;  second,  the 
transportation  of  milk  to  point  of  manufacture  or  to  city  consumer 
without  deterioration  in  quality;  and  third,  the  manufacture  of  milk 
into  the  highest  quality  of  butter  and  cheese. 

Experience  has  shown  that  the  solution  of  these  problems  is  by 
no  means  the  simple  proposition  that  it  may  seem  to  be  to  the  casual 
observer.  Eighteen  years  ago,  in  summing  up  the  results  of 
experiments  in  feeding  dairy  cows,  made  at  this  and  other  stations, 
I  called  attention  to  the  futility  of  attempting  to  draw  reliable 
conclusions  from  experiments  made  on  a  few  individuals  only,  or 
extending  over  short  periods  of  time.  The  progress  of  scientific 
investigation  since  that  date  has  fully  sustained  the  position  then 
taken.  We  now  know  that  no  two  plants  of  grass  are  exactly  alike 
and  that  from  the  lowest  to  the  highest  organisms  with  which  we 
deal  in  agriculture  individual  differences  are  so  great  that  multi- 
tudes must  be  placed  under  observation  before  any   law  of  general 
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application  can  be  formulated,  and  if  it  were  necessary  to  limit  oar 
study  of  dairy  problems  to  the  few  cows  which  it  is  possible  to  keep 
at  this  Station  it  would  be  far  better  to  leave  this  work  altogrether  to 
institution?  having-  larger  resources. 

The  present  prospect  is,  however,  that  our  work  need  not  be 
thus  limited.  Under  a  cooperative  agrreement  between  the  Boys' 
Industrial  School  at  Lancaster  and  the  Experiment  Station,  the 
larg^e  dairy  herd  and  splendid  dairy  barn  of  that  institution  have 
been  placed  at  the  service  of  the  Experiment  Station  for  investiga- 
tional purposes;  a  service  for  which  it  is  hoped  that  the  Station  may 
make  some  return  by  assisting:  in  the  elimination  of  inferior  animals 
from  the  herd  and  in  working  out  more  economical  systems  of  feed- 
ing: and  care. 

Several  of  the  pubic  institutions  of  the  state  have  facilities 
similar  to  those  at  Lancaster,  and  it  would  seem  that  it  oug-ht  to  be 
possible  to  effect  a  system  of  cooperation  between  them  and  the 
Station  in  this  work  which  would  be  mutually  advantagreous. 

But  no  mere  physical  equipment,  however  complete  it  maybe 
in  animals,  buildingfs  and  apparatus,  will  serve  the  needs  of  the 
dairy  industry  of  Ohio  unless  the  work  be  conducted  in  the  light 
which  has  been  thrown  upon  it  by  recent  prog-ress  in  science,  which 
is  but  another  name  for  exact  knowledge.  Twenty  years  ago  it 
might  have  been  possible  for  any  well  informed,  practical  dairyman 
to  conduct  experiments  that  would  have  been  helpful  in  the  practi- 
cal management  of  the  dairy  herd;  but  the  methods  of  twenty  years 
ago  are  obsolete  today,  and  the  man  who  can  successfully  conduct 
investigation  in  any  of  the  various  departments  of  agricultural 
research  must  have  a  far  broiader  training  than  it  is  possible  to 
obtain  within  the  limits  of  the  farm,  for  we  now  know  that  agencies 
unseen  and  utterly  unsuspected  a  few  years  ago,  have  more  to  do 
with  the  successor  failure  of  the  farmer's  operations  than  all  his 
manipulation  of  the  physical  equipment  of  the  farm. 

BNTOMOLOOY 

Orchard  Spraying — Under  the  supervision  of  the  Department 
of  Entomology  125  acres  or  more  of  bearing  orchards  have  been 
sprayed  during  the  present  season,  for  the  purpose  of  determining 
the  best  methods  of  applying  sprays  for  the  control  of  codling  moth, 
curculio  and  fungous  diseases.  The  results  of  this  work  for  the 
past  four  years  have  been  summarized  in  Circular  112. 

One  of  the  orchards  under  test  nas  given  an  annual  gross  return 
per  acre,  through  three  seasons,  of  $429.2S,  of  which  at  least 
65  percent,  was  net  gain  over  the  cost  of  spraying,  caring  for 
the  orchard,   harvesting  and   marketing  the  fruit.      The  trees  in 
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this  orchard  had  been  planted  IS  to  25  years.  Another  orchard 
with  somewhat  young:er  trees  and  not  so  well  located,  has  ave ragged 
$113.00  g:ross  income  per  acre  for  four  years,  of  which  fully  70  per- 
cent was  net.  The  present  season  promises  to  far  surpass  the 
preceding:  seasons  in  both  volume  and  quality  of  fruit. 

Of  the  different  spraying*  materials  used,  the  combination  of 
lime-sulfur  with  arsenate  of-  lead  has  given  the  best  results,  both 
fruit  and  foliage  being  more  perfect  when  this  spray  was  applied 
than  when  Bordeaux  or  other  mixtures  were  used. 

Peach,  plum  and  cherry  orchards  have  been  sprayed  with  self- 
boiled  lime-sulfur,  combined  with  arsenate  of  lead,  for  the  control  of 
curculio  and  brown  rot  with  excellent  results.  The  commercial 
lime-sulfur,  even  when  diluted  with  60  to  100  parts  of  water,  has 
been  found  a  questionable  spray  to  use  upon  peach  trees,  and  severe 
injury  has  uniformly  followed  spraying  peach  trees  with  any  form 
of  copper  or  iron  sprays. 

Mill  Insects— Experiments  are  being  conducted  in  mill  treat- 
ment for  the  destruction  of  such  insects  as  injure  mill  products. 
Four  mills  were  treated  by  the  department  the  past  spring,  either 
by  heating  or  by  fumigating  with  hydrocyanic  acid  gas.  Treatment 
of  other  mills  has  been  arranged  for,  and  seven  mills  have  been 
treated  according  to  specifications  furnished  by  the  department. 
One  mill  has  installed  a  proper  heating  system  and  others  will 
probably  do  so  at  an  early  date.  Advice  is  furnished  to  mill  owners 
concerning  amount  of  radiating  surface  required,  arrangement  of 
pipes,  etc. 

Bark  Beetles — Experiments  in  treatment  for  bark  beetles  have 
been  continued  along  the  lake  shore  and  studies  have  been  made  in 
their  life  histories.  The  result  of  this  work  is  to  indicate  that  the 
measures  recommended  in  Bulletins  194  and  196  will  be  found 
practically  effective. 

\A^heat  Joint-'Worm — The  results  of  investigations  on  this 
insect  have  been  published  in  Bulletin  226,  which  furnishes  much 
information  that  is  new  regarding  the  life  history  and  habits  of  this 
insect  and  also  furnishes  conclusive  data  regarding  the  efficiency  of 
most  of  the  measures  that  have  hitherto  been  recommended.  Some 
of  these  recommendations  are  found  to  have  been  emphasized  too 
strongly  and  others  have  not  been  made  sufficiently  prominent. 
Although  this  insect  has  been  generally  distributed  over  the  state 
this  season  it  seems  not  to  have  caused  excessive  injury  except  in 
very  limited  areas. 

Hessian  Fly — This  insect  caused  an  unusual  amount  of  damage 
last  fall,  and  had  not  the  weather  conditions  been  favorable  to  the 
wheat  it  would  doubtless  have  caused  widespread  injury  the  present 
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season.  Notwithstanding'  the  favorable  conditions,  some  neighbor- 
hoods have  suffered  severely  from  its  work,  and  it  is  evident  that 
late  sowing"  will  need  to  be  the  rule  over  most  of  the  state  for  two  or 
three  seasons. 

Chinch  Bugs  caused  considerable  injury  to  corn,  chiefly  in  the 
northwestern  counties,  during  the  summer  of  1910,  and  the  weather 
conditions  have  so  favored  the  development  of  this  insect  that  a 
much  more  extensive  outbreak  is  occuring  the  present  season.  A 
considerable  fraction  of  the  diminution  of  the  wheat  crop  in  1911 
should  be  charged  to  this  insect. 

Insects  attacking  the  sugar  beet — The  sugar  beet  farms  in 
Paulding  and  adjoining"  counties  suffered  severely  the  past  spring 
from  attacks  of  flea  beetles.  Occasionally  fields  of  15  to  20  acres 
were  completely  destroyed  by  them  and  had  to  be  replanted.  Some 
investigations  were  made  on  other  insects  feeding  upon  sugar  beets, 
and  a  publication  on  this  subject  is  contemplated. 

The  Sod  \A^eb-worm  was  very  destructive  to  corn  and  wheat- 
fields  in  the  western  part  of  the  state  and  a  number  of  experiments 
have  been  conducted  looking  to  their  control. 

'Wooly  Aphis — Owing  to  the  uncertainty  respecting  appro- 
priations for  this  year  and  the  lateness  of  the  date  at  which  they 
finally  became  available  we  were  obliged  to  discontinue  work  with 
the  Woolly  Aphis  in  Ohio  nurseries. 

FORESTRY 

Five  main  lines  of  work  have  been  pursued  by  this  department 
during  the  past  year,  viz: 

1.  Cooperation  with  public  institutions,  possessing*  land,  in  the 
management  of  timber  tracts,  and  the  establishment  of  experimental 
and  demonstrational  plantations. 

2.  Cooperation  with  private  owners  in  the  improvement  of  the 
farm  woodlot,  and  in  the  various  operations  of  reforestation. 

3.  The  establishment  of  nurseries  for  experimental  purposes, 
and  the  distribution  of  forest  tree  seedlings  in  connection  with 
various  operations  of  cooperative  work. 

4.  A  forest  survey,  which  includes  a  study  of  forest  conditions 
throughout  certain  portions  of  the  state. 

5.  Educational  work,  conducted  through  farmers'  institutes, 
granges,  picnics,  exhibits  at  county  fairs  and  work  at  educational 
institutions. 

Cooperative  forestry  at  public  institutions — The  nursery 
areas  at  the  public  institutions  were  enlarged  by  the  addition  of  over 
40,000  trees,  including  33  different  species. 
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During"  the  year,  five  additional  institutions  of  various  classes 
have  asked  the  Station  to  inaugurate  forestry  work  on  the  farms  in 
connection.  The  total  number  of  institutions  in  cooperation  with 
the  department  is  now  fourteen.  About  21,000  trees  of  27  species 
were  planted  in  permanent  plantations  the  past  spring  at  the 
Boys'  Industrial  School  at  Lancaster,  the  Oberlin  Municipal  farm  at 
Oberlin,  the  Cincinnati  University  at  Cincinnati,  and  Miami  Uni- 
versity at  Oxford.  Topographical  maps  and  working  plans  were 
made  for  the  Boys'  Industrial  School  at  Lancaster,  Kenyon  College 
at  Gambler,  the  Tuberculosis  Hospital  at  Mt.  Vernon  and  the 
Hospital  for  the  Criminal  Insane  at  Lima. 

Cooperation  with  private  owners — During  the  year  113,409 
trees  were  distributed  amoqg  private  owners  for  experimental  and 
demonst rational  work  in  woodlot  improvement  and  various  phases  of 
reforestation.  This  work  showed  a  g-ratifying  increase  in 
applications  for  aid  in  woodlot  management  as  compared  with 
planted  g^roves. 

Nurseries — The  principal  forest  nursery  is  located  at  Wooster 
on  the  Station  farm.  It  contains  about  a  million  seedling:  trees. 
Last  spring  400,000  seedling  trees  were  purchased  for  nursery  and 
permanent  planting.  About  125,000  were  imported  from  Europe. 
The  German  shipment  arrived  in  good  condition  and  very  little  loss 
of  stock  occurred.  One  hundred  and  twenty-eight  coniferous  seed 
beds  were  established  the  past  spring  and  about  400,000  seedlings 
have  thus  far  been  secured.  The  seed  beds  contain  14  species — all 
coniferous.  An  excellent  germination  was  secured  in  the  coniferous 
seed  beds,  but  some  injury  resulted  from  "damping*  ofif"  before  it 
was  brought  under  control. 

Forest  survey — ^A  preliminary  survey  of  forest  conditions  was 
made  in  central  and  western  Ohio.  This  work  consisted  in  the 
examination  of  the  Station's  cooperative  g^roves,  and  the  native 
woodlots.  Either  superficial  or  detailed  examination  was  made  of 
2,365  woodlots  in  these  counties.  Studies  were  made  of  the  catalpa 
and  locust  groves  and  data  taken  to  determine  their  rate  of  growth. 

The  Fourth  Annual  Report  on  Forest  conditions  in  Ohio  has 
been  recently  issued  as  Bulletin  223,  and  is  a  detailed  report  of  the 
operations  of  this  department  for  the  past  year. 

HORTICULTURE 

The  work  of  the  Department  of  Horticulture  during  the  year 
has  been  directed  chiefly  to  the  solutions  of  problems  in  apple  culture. 

In  the  Station  orchards  the  study  of  varieties  has  been  given 
considerable  attention,  while  work  in  spraying,  thinning  and  cul- 
tural methods  has  been  carried  on  at  the   same  time.      A  closely 
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planted  apple  orchard  of  early  bearing*  sorts  has  been  set  for  the 
purpose  of  securing*  maximum  crops  from  a  given  area  at  as  early  a 
date  as  possible,  and  an  orchard  of  dwarf  apples  has  been 
planted. 

The  rejuvenation  of  old  orchards — By  far  the  most  important 
work  that  this  department  has  carried  out  in  recent  years  has  been 
conducted  in  the  southeastern  part  of  the  state  under  the  immediate 
supervision  of  Mr.  Ballou,  partial  reports  of  which  have  appeared  in 
Bulletins  217  and  224.  This  work  was  at  first  directed  chiefly  to 
spraying,  and  gratifying  results  were  secured,  not  only  in  demon- 
strating the  value  of  the  methods  employed,  but  also  in  awakening 
an  earnest  desire  among  the  people  to  rejuvenate  and  care  for  their 
orchards.  The  efifects  attained  later  in  the  fertilizing  of  orchards, 
however,  are  so  striking  that  it  now  seems  probable  that  this  phase 
of  the  work  will  yield  even  greater  results  than  did  the  work  in 
spraying. 

Orchard  demonstration  work — Many  applications  are  received 
for  orchard  demonstrations  in  spraying  and  pruning,  but  the  Sta- 
tion's resources  in  men  and  funds  do  not  justify  it  in  undertaking 
work  merely  for  demonstrational  purposes,  highly  desirable  though 
it  is  that  the  knowledge  of  better  methods  in  orcharding  should  be 
extended  as  rapidly  as  possible;  hence,  unless  a  particular  orchard 
offers  opportunity  for  extending  the  Station's  researches  we  cannot 
undertake  work  in  it. 

Orchard  heating  has  been  given  considerable  attention  and 
some  useful  results  have  been  secured,  so  as  to  determine  the  prac- 
ticability of  such  work.  The  indications  are  that  the  heating  of 
peach  orchards  in  the  winter  is  feasible,  but  it  does  not  appear  that 
orchard  heating  in  the  spring  is  so  essential  in  Ohio  as  in  some  of 
the  western  states,  and  it  seems  probable  that  a  less  number  of 
heaters  per  acre  will  be  required  here  than  there. 

Vegetable  gardening — Plant  breeding  has  been  carried  on  with 
vegetables  both  in  the  greenhouse  and  outside  and  encouraging  re- 
sults are  being  attained. 

Ornamental  gardening — The  collections  of  ornamental  trees, 
shrubs  and  other  plants  on  the  Station  grounds  are  yearly  increas- 
ing in  interest  and  value. 

Correspondence — More  than  4,000  letters  have  been  sent  out  by 
this  department  during  the  year,  the  greater  part  being  in  answer 
to  inquiries  regarding  apple  culture.  A  considerable  number  of 
these  inquiries  come  from  other  states  and  refer  to  matters  which 
show  that  the  writers  are  looking  towards  Ohio  as  a  suitable  location 
for  orcharding. 
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NUTRITION 

The  mineral  nutrients  in  blue-grass — During"  the  past  year  this 
department  has  published,  in  Bulletin  222,  results  of  a  study  of  the 
mineral  nutrients  in  blue  grass,  from  which  it  appears  that  some 
blue-grass  pastures  in  Ohio  contain  twice  as  high  percentages  of  the 
mineral  nutrients  as  others,  these  differences  being  due  to  differ- 
ences in  the  soils  upon  which  the  grasses  were  grown.  It  is  also 
shown  that  the  content  of  blue-grass  in  mineral  nutrients  may  be 
very  greatly  increased  by  the  use  of  fertilizers.  There  is  every 
reason  to  believe  that  the  grass  on  a  soil  which  is  rich  in  lime  and 
phosphorus  is  a  better  food  and  will  produce  more  bone  especially, 
and  also  more  muscle  and  more  milk,  than  grass  grown  on  unfertile 
soils. 

Nutrient  phosphorus  compounds — The  main  line  of  investiga- 
tion of  the  department  has  been  a  continuation  of  a  study  of  the 
nutritive  values  of  various  compounds  of  phosphorus.  This  study 
was  begun  in  the  winter  of  1907-8.  Results  obtained  thus  far  have 
contributed  materially  to  a  knowledge  of  this  subject,  but  a  thor- 
ough understanding  seems  to  require  further  work  and  a  greater 
refinement  and  elaboration  of  method  than  any  one  has  so  far  be- 
stowed upon  it. 

Complete  ash  analyses  of  a  considerable  number  of  foods  and 
feeding  stuffs  are  being  made  and  a  search  for  improved  methods  of 
chemical  analysis  is  always  in  progress.  The  methods  of  this  de- 
partment for  the  estimation  of  inorganic  phosphorus  in  vegetable 
and  animal  substances,  published  in  Bulletin  215,  have  received 
wide  recognition  and  general  adoption. 

As  a  part  of  this  investigation  a  review  of  the  literature  of  phos- 
phorus metabolism  has  been  undertaken  and  is  being  prosecuted  in 
various  libraries.     It  already  involves  some  thousands  of  articles. 

Nutrition  Building — To  facilitate  the  work  of  this  department 
the  Station  has  erected  a  Nutriton  Experiment  Building,  which  pro- 
vides adequately  for  the  experimental  work  with  live  animals  and 
also  for  slaughter  and  refrigeration  and  meat  curing  work. 

The  building  with  equipment  has  cost  $22,000.  It  is  40x60  feet 
on  the  ground;  two  stories  and  a  high  basement,  with  brick  walls, 
slate  roof  and  concrete  floors.  The  basement  contains  the  refriger- 
ation plant,  a  20-ton  ice  machine  and  a  tank  for  freezing  ice,  and  also 
a  workshop  and  a  large  room  containing  machinery  for  ice  cutting, 
rendering  and  otherwise  working  up  carcasses.  The  first  story 
contains  a  large  slaughter  room  for  cattle,  sheep  and  swine,  and  cool- 
ing rooms  occupying  a  space  of  30x38  feet  and  giving  temperatures 
from  40^  to  15^  below  zero  F.      The  second  floor  contains   a  room 
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23x38  feet  for  metabolism  experiments  with  animals  and  four 
smaller  rooms  for  various  purposes  connected  with  this  work.  The 
animals  are  brought  to  this  second  floor  by  means  of  an  elevator. 

SOIL  FERTILITY 

The  investigations  on  the  maintenance  of  soil  fertility  have  been 
continued  along  the  Knes  indicated  in  my  previous  reports,  and  the 
work  is  being  extended  and  strengthened  by  extending  the  field  ex' 
periments  to  the  county  experiment  farms;  by  enlarging  the  scope 
of  the  chemical  investigations,  which  now  include  studies  of  the 
various  soils  under  experiment  and  of  the  effect  of  different  treat- 
ments of  the  soil  upon  the  composition  of  the  crop  grown  upon  it; 
by  the  inauguration  of  biological  studies  of  the  soil,  and  by  a  recon- 
noisance  survey  of  the  soils  of  the  state,  undertaken  by  the  Depart- 
ment of  Cooperation. 

In  the  case  of  the  county  experiment  farms  which  have  been  es- 
tablished in  Paulding  and  Miami  counties,  the  problem  will  be  the 
maintenance  of  the  fertility  of  a  productive  soil,  rather  than  the 
recuperation  of  an  exhausted  soil  or  the  building  up  of  a  sterile 
soil,  as  at  the  main  Station  and  at  the  Strongs ville  test  farm;  but  the 
prevention  of  the  insiduous  wastes  which  have  brought  our  worn 
soils  to  their  present  condition  is  a  matter  of  even  greater  impor- 
tance than  their  recuperation. 

THE  COUNTY  EXPERIMENT  FARMS 

As  has  been  stated  above,  experiment  farms  have  been  located 
in  Miami  and  Paulding  counties.  The  farm  in  Miami  county  con- 
tains 123  acres  and  lies  two  miles  northwest  of  Troy.  The  topogra- 
phy is  almost  fiat;  over  a  large  part  of  the  farm  the  soil  is  black, 
while  the  slight  elevations  are  yellow  clay.  The  Paulding  county 
farm  lies  a  mile  and  a  half  south  of  Paulding,  and  contains  92  acres, 
the  greater  portion  of  the  area  being  the  flat,  dark  land  common  in 
that  section.  On  both  farms  drainage  is  the  first  essential  to  profit- 
able cultivation.  On  the  Paulding  county  farm  good  outlets  had  been 
provided  and  about  half  the  necessary  tiling  had  been  done.  On  the 
Miami  county  fs^rm  but  little  had  been  done  except  to  provide  the 
main  outlets. 

As  a  first  step  towards  planning  a  system  of  experiment  for 
these  counties  the  following  compilation  has  been  made  of  the  aver- 
age areas  in  the  principal  crops  in  the  two  counties  for  the  ten  years, 
1900-1909: 
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AVBRAQS  AREA  IN  DIPPBRSNT  CROPS 

Miami  Pauldinff 

acres  acres 

Corn 54,291  46,710 

Oats  and  Barley 23,084-  35,854 

Wheat  and  Rye  38,251  14.956 

Meadows 10,291  17,454 

Clover 12,328  7,352 

Pasture 13,512  22,404 

Woodland  13,445  20,765 

Waste  3,472  2,967 

In  both  counties  corn  is  the  leading  crop,  wheat  taking  second 
place  in  Miami  and  oats  in  Paulding.  In  both  counties,  however, 
there  has  been  a  tendency  to  reduce  the  area  in  wheat  and  increase 
that  in  oats  during  the  10-year  period,  due  largely  to  the  loss  of 
wheat  by  freezing  out  on  the  flat  lands  which  comprise  the  larger 
part  of  the  area  of  both  counties.  The  areas  in  rye  and  barley 
have  been  insignificant  in  both  counties. 

In  both  counties  the  predominance  of  each  of  the  two  principal 
cereals  over  the  combined  area  in  meadows  and  clover  shows  that 
crop  rotation  is  not  systematically  followed. 

In  Paulding  county  the  sugar  beet  crop  has  been  introduced 
within  recent  years  and  is  becoming  an  important  feature  of  the 
county's  agriculture,  a  large  sugar  factory  having  been  erected  at 
Paulding  in  1909.  In  Miami  county  the  tobacco  crop  has  increased 
in  area  from  4,170  acres  in  1900,  to  7,275  acres  in  1909. 

In  both  counties  the  proportion  of  live  stock  to  the  area  under 
cultivation  is  below  that  of  the  average  of  the  state,  indicating  that 
a  large  proportion  of  the  produce  is  sold  ofif  the  farm. 

Having  these  facts  in  view  the  following  general  scheme  of  ex- 
perimentation has  been  proposed  for  the  two  county  farms,  and  ap- 
proved by  the  county  boards  of  agriculture: 

(1)  Experiments  designed  to  work  out  the  most  practical  meth- 
ods of  maintaining  and  increasing  the  productiveness  of  the  land, 
through  crop  rotation  and  the  use  of  fertilizers  and  manure,  these 
experiments  being  so  planned  as  to  articulate  on  the  one  hand  with 
:ommon  practice  in  the  county  and  on  the  other  with  the  similar  ex- 
periments in  progress  at  the  State  Experiment  Station  and  its 
several  district  test  farms. 

(2)  Comparative  tests  of  varieties  of  cereals  and  other  crops, 
n  order  to  determine  which  are  best  adapted  to  the  soil  and  cli- 
natic  conditions  of  the  county. 

(3)  Experiments  in  feeding,  having  as  their  chief  objects  the 
itilizationof  the  corn  and  crop  residues — corn  stover,  straw,  beet 
ops  and  pulp — in  the  production  of  meat,  as  against  selling  the 
rrain  and  returning  the  crop  residues  to  the  soil. 
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(4)  Experiments  in  orcharding',  designed  to  determine  the  best 
varieties  and  systems  of  management  for  farm  orchards  under  the 
local  conditions  of  these  counties. 

(5)  Experiments  with  special  crops,  of  local  importance,  such 
as  sugar  beets  in  Paulding  county  and  tobacco  in  Miami  county. 

Because  of  the  prominence  of  the  sugar  beet  industry  in  Pauld- 
ing county  it  is  proposed  to  devote  a  considerable  part  of  the  work 
of  the  experiment  farm  of  that  county  to  the  study  of  this  crop, 
although  other  interests  will  not  be  neglected. 

PUBLICATIONS 

The  following  publications  have  been  issued  during  the  yean 

Bulletin  221,  pp.  1-37.     The  composition  of  wheat.    By  J.  W.  Ames. 

Bulletin  222,  pp.  39-53.  The  mineral  nutrients  in  bluegrass.  By 
E.  B.  Forbes,  A.  C.  Whittier  and  R.  C.  CoUison. 

Bulletin  223,  pp.  55-116.  Fourth  annual  report  on  forest  conditions  in  Obia 
By  C.  E.  Thome,  W.  J.  Green    and  Edmund  Secrest. 

Bulletin  224,  pp.  117-150.     The  rejuvenation  of  orchards.      By  F.  H.  Halloa. 

Bulletin  225,  pp.  151-174.     The  farm  grasses  of  Ohio.     By  C.    G.   Williami. 

Bulletin  226,  pp.  165-201.    The  wheat  joint  worm.    By  J.  S.  Houser 

Bulletin  227,  pp.  203-254.     Farm  equipment     By  L.  W.  Ellis. 

Bulletin  228,  pp.  255-297.  Two  recent  important  cabbage  diseases  of  Ohia 
By  Thos.  F.  Manns. 

Bulletin  229,  pp.  299-336.  Fusarium  blight  and  dry-rot  of  the  potata  By 
Thos.  F.  Manns. 

Bulletin  230,  pp.  337-366  Annual  report,  meteorological  summary,  pres» 
bulletins  and  index. 

Circular  103,  June  12,  1910,  20  pp.  Annual  meeting  of  the  Ohio  State 
Horticultural  Society,  1910. 

Circular  104,  August  15,  1910,  20  pp.  Plans .  and  summary  tables  of  the 
experiments  at  the  central  farm,  Wooster,  on  the  maintenance  of  soil  fertility. 

Circular  105,  September  1,  1910,  3  pp.     Floats.     By  E.  W.  Gaither. 

Circular  106,  October  1,  1910,  2  pp.     Seeding  lawns  and  permanent  pastures. 

Circular  107,  October  20,  1910,  19  pp.  A  successful  alfalfa  and  truck  farm 
in  southeastern  Ohio.     By  W.  A.  Lloyd. 

Circular  108,  January  25,  1911,  8  pp.      Orchard  practice.      By  W.  J.  Green. 

Circular  109,  February  1,  1911,  2  pp.  Orchard  spraying  suggestions  for 
1911.     By  W.  J.  Green,  A.  D.  Selby  and  H.  A.  Gossard. 

Circular  110,  February  25,  1911,  21  pp.  Treatment  of  artificial  tree 
plantations.     By  Edmund  Secrest. 

Circular  111,  March  15,  1911,  19  pp.  The  management  of  clover  in  corn- 
belt  rotations.     By  J.  A.  Drake. 

Circular  112,  April  30,  1911,  15  pp.  Commercial  apple  orcharding.  By 
H.  A.  Gossard. 

Circular  113,  June  20,  1911,  57  pp.     Alfalfa  in  Ohio.     By  W.  M.  Cook. 

Circular  114,  June  24,  1911,  14  pp.  Plans  and  summary  tables  of  the  exper- 
iments at  the  central  farm,  Wooster,  on  the  maintenance  of  soil  fertility. 

Eight  press  bulletins  have  been  issued  during  the  year,  Nos.  315  to  322 
inclusive.    These  are  republished  with  the  present  report. 
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PERSONNEL 

Professor  J.  "V^arren  Smith,  Section  Director  of  the  Weather 
Service,  has  been  appointed  Climatolofirist  of  the  Experiment  Station. 

Assistants  Gail  T.  Abbot,  Albert  G.  Woods,  Jos.  H.  Gourley, 
A.  C.  Whittier  and  E.  F.  Timmerman  have  resigned  to  accept  other 
positions  and  assistants  have  been  appointed  in  the  various  depart- 
ments as  follows:  Animal  Husbandry,  J.  W.  Hammond,  Geo.  R. 
Eastwood,  and  Ross  Sherwood:  Botany,  W.  O.  Gloyer,  Paul  A. 
Davis  and  F.  K.  Mathis;  Chemistry,  J.  A.  Stenius;  Cooperation, 
Geo.  N.  Coffey;  Dairying,  A.  E.  Perkins;  Forestry,  Geo.  R.  Green; 
Horticulture,  Paul  Thayer  and  Ernest  J.  Riggs;  Nutrition, 
M.  Helen  Keith;  Soil  Fertility,  Charles  Mclntire. 

Mr.  R.  E.  Caldwell  has  been  transferred  from  the  Department 
of  Animal  Husbandry  to  that  of  Dairying. 

Respectfully  submitted, 

Chas.  E.  Thorne, 

Director. 
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MBTEOROLGICAL  SUMMARY  FOR  1910 
Bf  C.  A.  PATTON 
EXPLANATION   OF  TABLES 

The  following"  tables  contain  statistics  of  temperature,  rainfall, 
etc.,  for  the  year,  and  are  compiled  from  data  obtained  from  daily 
observations.  T  stands  for  "trace" — less  than  .01  inch  of  rainfall. 
Temperature  is  given  in  degrees  Fahrenheit. 

Table  I  shows  the  daily  rainfall  at  the  station  during  the  year 
in  inches  and  hundredths. 

Table  II  shows  the  daily  mean  temperature  for  each  day  of  1910 
and  the  monthly  mean  temperature  with  the  23  years'  average. 

Table  III  gives  the  monthly  mean  temperature  at  the  station 
with  the  23  years'  average  for  the  same. 

Table  IV  gives  the  monthly  mean  rainfall  for  the  station  with 
the  23  years'  average  for  the  same. 

Table  V  gives  the  monthly  mean  temperature  for  the  state  for 
1910  with  23  years'  average. 

Table  VI  gives  the  monthly  mean  rainfall  for  1910  with  the  23 
years'  average  for  the  state. 

Table  VII  gives  the  monthly  mean  temperature  and  rainfall  for 
the  station  and  state  for  1910  with  the  23  years'  aveage. 

Table  VIII  contains  the  mean  temperature,  the  highest  and 
lowest  temperatures,  with  the  range  of  temperature  for  each  month; 
the  number  of  clear,  fair  and  cloudy  days;  the  rainfall,  snowfall  and 
prevailing  direction  of  wind,  for  both  the  station  and  state  for  1910. 
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Table  IX  contains  the  principal  points  of  interest  on  tempera- 
ture, rainfall,  and  state  of  weather  at  the  station  during'  the  year, 
and  a  grand  summary  for  twenty-three  years. 

Table  X  contains  the  principal  points  of  interest  on  tempera- 
ture, rainfall,  and  state  of  weather  for  the  state  during  the  year  and 
a  grand  summary  for  twenty-eight  years. 

Table  XI  gives  the  highest  and  lowest  temperature  for  each 
month  during  the  past  twenty-three  years,  for  both  the  station  and 
state. 


NOTES  ON  THE  WEATHER  AT  THE  STATION,  1910. 
SUMMARY  BY  MONTHS 

LATITUDE  40^^  Mf  01^/,  LONGITUDE  81°  55/  48^/ 
ELEVATION  ABOVE  THE  SEA  1,030  FEET 


JANUARY. 

The  mean  temperature  for  January  was  26.7°,  which  is  sligrhtly 
below  the  station  average  for  January.  Cold  weather  continued 
throughout  the  month.  The  snowfall  was  heavy,  and  drifted  badly 
in  later  part  of  month.  The  precipitation  was  5.29  inches,  which 
is  2.04  inches  above  the  Station  average  for  January. 

FEBRUARY 

The  mean  temperature  for  February  was  23.8°,  which  is  below 
the  Station  average  for  this  month.  Thirteen  inches  of  snow  fell  on 
the  17th  making  a  total  of  18  inches  on  the  ground  at  this  time, 
followed  by  a  week  of  cold  weather,  the  mercury  dropping  as  low  as 
12  degrees  below  zero  on  the  19th.  The  total  snowfall  for  the  month 
was  28.5  inches;  this  melted  ofif  with  rain  the  last  of  the  month 
causing  high  water. 

MARCH 

The  mean  temperature  for  March  was  47.2°  which  is  the 
highest  mean  temperature  ever  recorded  for  March  at  this  station. 
The  lowest  minimum  reached  was  18°  above  zero  on  the  11th;  the 
highest  maKimum  was  84°  on  the  24th.  The  total  precipitation  was 
1.00  inch  which  is  the  least  amount  of  rainfall  ever  recorded  for  the 
month  of  March. 
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APRIL 

The  mean  temperatnre  for  April  was  50.2°  which  is  2°  above 
the  average  for  this  month.  The  first  part  of  the  month  was  bright 
and  warm  bringing  early  fruit  trees  into  bloom,  followed  by  killing 
frosts  and  freezing  on  8th,  10th  an<l  13th  and  by  eight  inches  of  snow 
on  the  19th.  The  latter  part  of  month  was  cold  and  cloudy.  The 
total  precipitation  was  3.22  inches. 

MAY 

The  mean  temperature  for  May  was  54.7°.  This  low  mean  has 
oniy  been  equalled  twice  in  the  history  of  the  station.  Cold,  cloudy 
weather  continued  throughout  the  month.  Rain  fell  on  twenty  days. 
The  total  rainfall  for  the  month  was  4.87  inches  which  is  above  the 
average  for  May.  A  very  heavy  frost  on  the  6th  killing  most  of  the 
early  fruit  and  berries. 

JUNE 

The  mean  temperature  for  June  was  64.3°  which  is  below  the 
average  for  June.  TUe  first  part  of  month  was  cold  and  rainy,  the 
latter  part  was  w^arm  and  bright  with  but  little  rainfall.  The  total 
precipitation  was  2.57  inches  which  is  1.57  inch  below  the  station 
average  for  June. 

JULY 

The  mean  temperature  for  July  was  72.6°  which  is  above  the 
average  for  the  month.  The  total  precipitation  was  1.12  inch 
which  is  more  than  three  inches  short  of  the  average  for  July.  The 
drought  of  the  month  very  seriously  injured  the  corn  and  all  truck 
and  garden  crops.  The  rainfall  is  the  least  on  record  for  July  at 
this  station. 

AUGUST 

The  mean  temperature  for  August  was  70.9°.  which  is  1.4° 
above  the  average  for  this  month.  The  rainfall  for  the  month  was 
far  deficient,  being  only  .95  inch.  A  maximum  temperature  of  94° 
was  reached  on  the  I5th  and  16th.  The  drought  continued  through- 
out the  month,  all  crops  and  vegetation  suffering  severely. 

SEPTEMBER 

The  mean  temperature  for  September  was  65.3°  which  is 
slightly  above  the  average  for  September.  The  long  severe  drought 
was  broken  by  a  heavy  rainfall  on  the  24th  amounting  to  1.78  inch. 
The  total  precipitation  for  the  month  was  2.59  inches.  Light  frost 
occurred  on  the  10th,  15th  and  16th  doing  no  damage. 
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OCTOBER 

The  mean  temperature  for  October  was  54.9^  which  is  above  the 
average  for  October.  Very  high  winds  on  the  4th  were  followed  on 
the  Sth  and  6th  by  almost  continuous  rain  for  40  hours,  the  total 
amount  for  this  period  was  3.92  inches.  The  total  fall  for  the 
month  was  5.24  inches,  which  is  2.83  inches  above  the  average  for 
October.     The  first  killing  freeze  occurred  on  the  29th. 

NOVEMBER 

The  mean  temperature  for  November  was  34.8^  which  is  5.2*^ 
below  the  average  making  this  the  coldest  November  on  record. 
Cold  weather  continued  the  entire  month  with  many  days  of  light 
snowfall.  The  total  fall  for  the  month  was  4.5  inches.  The  total 
precipitation  was  2.36  inches,  which  is  below  the  average  for 
the  month. 

DECEMBER 

The  mean  temperature  for  December  was  24.4^  which  was  5.5^ 
below  the  station  average  for  December.  This  low  mean  for 
December  has  only  been  equalled  once  since  1888;  in  1903  the  mean 
for  December  was  21.7°.  The  snowfall  for  the  month  was  7.25 
inches,  some  snow  remaining  on  the  ground  the  entire  month.  The 
total  precipitation  was  2.29  inches. 
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METEOROLOGY— TABLE  I— RAINFALL 
DAILY  RAINFALL  AND  MBLTBD  SNOW  FOR  1910,  AT  THE  EXPERIMENT  STATION 
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T 

.05 
.05 
.05 
.02 

T 

10 

11 

.20 
.20 

.25 

li 

12 

.05 
.39 
.58 

12 
13 
14 
15 

23     

.02 
.25 

T 

14   

T 

15 

T 

.04 

.85 

T 

.79 

.37 

.05 

.01 
.25 

T 

.05 

T 

.15 
.02 
T 
.02 

T 

16   

.45 
1.30 

.05 

.02 
.29 

.07 

16 
17 

17 

.15 

.81 

.24 
.30 

.36 
.23 
1.05 
.02 
.14 
.30 
.06 

.14 
.02 
.29 

18    

T 

T 

T 
.05 
T 
.06 

.36 
.03 
T 

18 

19 

19 

20 



20 

21 

.32 
.80 
T 
T 

.12 
.09 
.05 

T 

1.78 
.03 

.30 
.60 

T 
.09 

.03 
.25 
.39 
.02 

21 

22 

23 

24 

22 
23 
24 

25 

.44 

25 

26 

.62 
.16 

.40 
.05 
.02 
.01 

26 

27 

.90 
.40 

.03 

.08 
.37 

.38 
.45 

.13 

.08 
.25 
T 

.25 
.07 
.03 
.20 

.63 
.58 
.30 

27 
28 

28 

29 

29 
30 
31 

30 

20 

31  

T 

Total.... 
Averaffe... 

5.29 
.176 

4.41 
.157 

l.OOi 
.032 

3.22 
.107 

4.87 
.157 

2.57 
.086 

1.12 
.036 

.95 
.031 

2.50 
.O&h 

5.24 
.169 

2.36 
.079 

2.29 
.074 
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OHIO  EXPERIMENT  STATION:  BULLKTIN  230 


METEOROLOGY— TABLE  II— TEMPERATURE 
MBAN  TEMPERATURE  FOR  EACH  DAY  OF  1910  AT  THE  EXPERIMENT  STATION 


Date 

f 

(9 

1 

1 

1 
-< 

1 

< 

1 
1 
1 

i 

1 
1 

1 

B 

1 

Date 

I      

30.0 
37.5 
28.0 
14.0 
27.0 
26.0 
17.5 
12.5 
16.0 
13.0 
13.5 
300 
330 
29.0 
25.5 
25.5 
30.0 
375 
31.0 
37.0 
34.0 
225 
27.0 
26.0 
24.5 
88.0 
87.5 
82.0 
26.0 
28.0 
25.5 

21.5 
34.5 
34.0 
29.(f 
28.5 
15.0 
15.0 
34.0 
30.0 
20.0 
13.5 
21.0 
19.0 
25.0 
37.5 
33.0 
16.0 
11.5 
8.5 
19.5 
36.0 
28.6 
16.5 
6.0 
8.5 
29.5 
37.5 
385 

43.5 
41.0 
39.0 
41.C 
50.0 
53.5 
46.5 
34.5 
32.5 
33.5 
33.5 
42.5 
46.0 
315 
30.0 
39.5 
35.5 
47.0 
62.0 
50.0 
42.5 
62.0 
55.5 
61.0 
66.0 
54.0 

eo.5 

60.5 
62.0 
67.0 
59.0 

48.5 
51.5 
53.5 
65.5 
66.5 
69.0 
39.0 
43.0 
52.0 
47.0 
57.0 
G2.5 
43.5 
49.5 
57.0 
57.0 
53.0 
44.5 
42.5 
37.5 
46.0 
46.0 
49.5 
39.5 
47.0 
42.5 
48.5 
43.0 
55.5 
67.5 

62.0 
67.0 
60.0 
46.0 
41.5 
42.5 
48.0 
61.5 
57.0 
52.0 
54.0 
42.5 
43.5 
42.0 
44.0 
51.0 
59.5 
59.5 
69.5 
62.0 
60.0 
68.0 
67.0 
62.0 
57.0 
52.5 
60.0 
58.5 
62.0 
53.5 
42.0 

43.0 
65.0 
46.0 
51.5 
60.0 
58.0 
55.5 
54.0 
56.0 
55.5 
57.0 
57.6 
61.5 
63.0 
65.5 
(f7.5 
70.0 
77.6 
75.5 
73.5 
73.0 
725 
73.5 
74.0 
66.5 
72.5 
71.0 
78.5 
68.5 
73.0 

74.0 
73.5 
74.5 
71.0 
68.5 
73.0 
78.5 
73.0 
77.0 
76.5 
72.5 
75.5 
72.5 
68.0 
72.5 
76.5 
71.5 
66.0 
635 
645 
70.0 
73.5 
76.0 
79.0 
83.0 
71.5 
73.5 
71.0 
71.5 
74.0 
67.5 

65.0 
70.5 
77.0 
77.5 
66.5 
66.0 
64.0 
60.5 
70.5 
73.5 
67.5 
66.0 
82.0 
76.5 
74.5 
75.5 
76.0 
74.0 
68.0 
63.5 
72.0 
70.0 
74.0 
79.0 
77.5 
66.5 
56.5 
63.5 
67.0 
75.5 
76.0 

67.0 
64.5 
75.5 
72.0 
79.5 
76.5 
68.5 
71.0 
65.0 
52.5 
61.5 
67.5 
60.5 
58.5 
54.0 
56.0 
60.0 
64.0 
60.5 
72.0 
68.0 
61.0 
74.0 
69.0 
70.0 
65.0 
66.5 
57.0 
55.5 
58.5 

61.5 
54.0 
64.0 
73.5 
70.0 
57.5 
50.5 
50.5 
49.0 
54.5 
54.0 
54.5 
53.5 
63.0 
63.5 
63.0 
65.0 
66.5 
63.5 
63.5 
655 
50.5 
46.0 
47.0 
48.5 
47.0 
50.0 

32.0 
36.0 
47.5 

50.5 
43.0 
36.5 
34.5 
30.5 
32.5 
30.5 
41.5 
45.5 
47.5 
33.5 
32.0 
33.5 
33.5 
31.0 
33.5 
31.5 
28.0 
30.0 
28.0 
30.0 
33.0 
36.5 
37.0 
40.5 
34.5 
29.5 
35.0 
32.0 
28.0 

28.5 
25.0 
27.5 
28.5 
23.5 
26.0 
19.5 
20.5 
18.5 
15.5 
26.5 
22.0 
20.0 
25.0 
27.0 
16.5 
16.0 
23.0 
33.5 
21.5 
12.5 
15.5 
30.5 
28.0 
19.0 
29.0 
27.5 
37.5 
40.5 
30.0 
20.5 

2  " 

3 

4  

5 

6    

7  

8    

9 

10 

10 

11    

11 

12 

12 

13 

13 

14 

14     - 

15  

15 

16    

16 

17 

17 

18 

18 

19 

19 

20 

20 

21 

21 

22 

22 

23 

24        

23 
2i 

25 

26 

25 
26 

27 

27 

28 

29    

28 
29 

30..'. 

31 

30 
31 

Monthly  mean. . 
23-yetLT  averaffe.  ■ 

26.7 
27.4 

23.8 
26.4 

47.2 
37.6 

60.2 
48.2 

54.7 
58.3 

64.3 
67.5 

72.6 
71.2 

70.9 
69.4 

65.3 
63.9 

54.9 
51.1 

34.8 
40.0 

24.4 
30.2 
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MBTBOROLOGY— TABLE  III 
MONTHLY  MEAN  TBMPBRATURB  FOR  TWBNTY-THRBB  YBARS  AT  WOOSTBR 

Temperature  in  degrees  Fahrenheit 


Date 


1888 
1889 
18B0 

isei 

1892 
18B3 
1894 
1895 
1896 
1897 
1898. 
1899. 
1900. 
1001. 
1902 
1903. 
1904. 
1905 
1906. 
1907. 
1908. 
1909. 
1910 


Averaffe.: 


27.4 


28.8 
22.9 
36.6 
34.0 
33.0 
28.0 
26.7 
17.9 
29.2 
30.0 
27.4 
21.3 
26.0 
20.0 
21.4 
29.0 
20.5 
19.8 
25.8 
246 
268 
33.6 
23.8 


26.4 


31.7 
38.7 
30.9 
320 
33.0 
380 
43.5 
32.4 
29.8 
30.3 
43.3 
36.0 
31.8 
30.1 
41.2 
45.7 
37.6 
41.2 
30.2 
44.9 
43  1 
35.9 
47.2 


376 


46.3 
47.1 
48.4 
49.0 
47.0 
5C.1 
60.5 
49.5 
54.6 
47.2 
45.3 
62-1 
47.8 
45.2 
46.2 
48.0 
42.8 
46.8 
51.9 
41.7 
50.1 
48.4 
50.2 


48.2 


57.7 
67.8 
56.0 
520 
57.0 
57.6 
57.6 
59.4 
64.5 
53.4 
56.2 
60.0 
61.5 
57.9 
61.2 
62.2 
59.4 
59.2 
69.9 
52.8 
62.2 
57.9 
54.7 


58.3 


68.9 
64.5 
60.8 
68.0 
700 
69.3 
67.9 
60.9 
66.6 
64.3 
68.7 
69.4 
68.5 
60.1 
65.6 
63.0 
67.0 
68.0 
68.8 
64.6 
68.1 
60.3 
64.3 


67  5 


70.1 
70.0 
705 
68.0 
70.0 
72.0 
71.4 
68.6 
70.2 
73.2 
74.5 
700 
72.6 
759 
73.0 
71.8 
60.8 
71.6 
71.0 
609 
72.4 
69.6 
72.6 


71.2 


67.8 
66.0 
65.8 
71.0 
60.0 
67.9 
692 
70.9 
68.5 
67.0 
71.1 
71.0 
74.0 
71.6 
66.4 
68.8 
66.7 
70.0 
74.2 
68.6 
69.0 
70.4 
70.9 


57.1 
60.8 
69.6 
68.0 
61.0 
63.2 
66.1 
665 
60.6 
66.7 
66.2 
61.6 
67.1 
63.3 
62.7 
64.4 
64.2 
63.8 
67.7 
65.0 
66.4 
62.2 
65.3 


63.9 


44.9 
45.3 
50.0 
49.0 
49.0 
523 
52.3 
44.2 
45.8 
55.9 
52.6 
55.0 
58.9 
51.7 
63.9 
58.2 
50.4 
51.0 
51.4 
47.4 
53.0 
47.8 
54.9 


51.1 


40.7 
393 
41.3 
38.0 
38.0 
37.7 
86.5 
40.4 
44.4 
40.7 
38.4 
43.2 
40.6 
36.6 
47.8 
36.8 
39.6 
38.3 
40.4 
38.5 
41.0 
48.3 
34.8 


40.0 


31.4 
40.7 
28.8 
37.0 
28.0 
30.9 
32.9 
32.8 
30.6 
31.8 
27.9 
29.0 
30.7 
261 
28.7 
21.7 
28.1 
33.1 
31.2 
32.1 
31.7 
25.2 
24.4 


30.2 


47.3 
48.6 
49.5 
496 
48.0 
487 
50.6 
47.8 
49.3 
49.4 
50.4 
49.5 
50.7 
48.7 
49.5 
49.1 
47.1 
48.8 
50.7 
48.4 
51.0 
50.0 
49.2 


49.2 


Dat 


1889 
1800 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
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OHIO  EXPERIMENT  STATION:  BULLETIN  230 


METEOROLOGY— TABLE  IV 
MONTHLY  RAINFALL  FOR  TWBNTY-THRBE  YBARS  AT  WOOSTBR 

»      Rainfall— Inches 


Date 


1888.... 
1889.... 
1890.... 
1891.... 
1892.... 
1893.... 
1894.... 
1896.... 
1896.... 
1897.... 
1898.... 
1899.... 
1900... 
1901.... 
1902.... 
1903.... 
1904.... 
1906.... 
1906.... 

1907 

1908.... 
1909.... 
1910 


Average... 


3.ft2 
433 
4.71 
2.74 
2.67 
4.01 
2.19 
3.92 
1.73 
2.82 
4.10 
3.29 
2.78 
1.68 
0.63 
3.64 
627 
1.83 
1.93 
6.92 
1.96 
2.95 
6.29 


2.43 
2.42 
6.20 
483 
267 
6.33 
3*37 
1.00 
2.27 
2.64 
2.27 
1.64 
2.74 
1.20 
0.83 
3.60 
3.90 
1.36 
1.06 
1.09 
3.89 
5.22 
4.41 


:s 


325 


2.92 


3.34 
2.13 
4.37 
3.71 
3.38 
1.89 
236 
1.98 
3.67 
2.81 
6.44 
3.95 
225 
3.09 
2.99 
3.29 
622 
261 
3.67 
6.80 
6.02 
3.02 
1.00 


3.43 


2.48 
1.68 
3.10 
1.66 
2.44 
6.66 
1.74 
1.69 
3.34 
2.75 
2.66 
1.28 
1.70 
2.46 
1.46 
4.66 
6.69 
2.61 
2.27 
2.69 
3.64 
3.92 
3.22 


2.84 


3.82 
2.97 
6.01 
2.24 
7.69 
6.28 
4.41 
1.38 
3.41 
4.97 
4.60 
4.42 
2.23 
4.32 
2.57 
1.50 
4.46 
5.97 
2.98 
3.48 
4.66 
4.06 
4  87 


4.06 


2.31 
4.86 
6.57 
7.13 
7.89 
2.61 
223 
4.20 
3.98 
2.96 
2.70 
1.96 
3.71 
4.82 
665 
3.69 
1.67 
7.60 
3.81 
3.81 
2.17 
6.44 
2.57 


09 


454 
673 
2.67 
3.28 
4.73 
1.38 
1.38 
2.19 
8.06 
3.89 
6.79 
3.73 
5.66 
3.32 
6.26 
4.61 
4.93 
3.14 
4.93 
3.96 
3.44 
4.05 
1.12 


4.16 


4.35 
1.96 
4.66 
1.86 
2.69 
1.53 
0.76 
230 
1.96 
3.86 
5.53 
053. 
697 
3.58 
l.W 
6.58 
2.03 
4.47 
7.38 
2.04 
3.17 
6.21 
0.95 


3.27 


1.92 
4.05 
6.12 
0.94 
3.20 
1.85 
407 
3.92 
6.16 
0.29 
2.15 
5.66 
2.19 
6.64 
3.49 
2.07 
2.27 
610 
5. 16 
3.13 
0.73 
1.73 
2.59 


3.14 


3.18 
1.36 
7.45 
1.33 
0.37 
5.18 
2.53 
1.15 
0.71 
0.89 
425 
221 
2.10 
081 
162 
263 
0.87 
2.32 
356 
2.34 
1.22 
2.16 
6.24 


2.41 


4.96 
3.53 
2  61 
5.73 
2.06 
249 
2.41 
4.21 
1.78 
5.76 
4.14 
1.59 
430 
162 
2.62 
2.25 
040 
2.04 
2.39 
133 
1J» 
2.91 
2.36 


2.81 


1.39 
3.93 
1.74 
2.92 
1.74 
1.50 
3.15 
3.51 
2.41 
2.50 
2.29 
2.78 
0.90 
3.47 
4.07 
1.95 
2.GB 
2.06 
3.77 
3.41 
3.05 
2.55 
2.29 


2.02 


Dat^ 


3.18 
3.32 
4.51 
3.20 
3.46 
3.38 


1888 
1» 
1890 
1891 
18B2 
18B9 


2.56  '  1891 

2.65  I  1885 

3.21  1896 

3.01  I  1897 

3.99  1898 

2.74  I  1899 

305  I  1900 

2  99  1901 


2.74  i 

337 

3.44 

3.58 

357 

3.33 

2.1 

3.08 

2.99 


1902 
1909 
1901 
1906 
1906 
1907 
1906 
1909 
1910 


3.25  1 
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METEOROLOGY— TABLE  V 


MONTHLY  MBAN  TEMPERATURE  FOR  TWENTY-THREE  YEARS  FOR  THE  STATE 
Temperature  in  degrees  Fahrenheit 


Date 


Averaffe 


24.3, 
33.3 
38.8 
33.0 
24.0 
18.0 
37.7 
23.4 
29.4 
25.5 
32.4 
27.8 
31.1 
29.2 
27.3 
27.1 
20.7 
22.7 
35.7 
32.2 
29.1 
32.2 
28.2 


28.8 


30.5 
25.8 
39.4 
36.0 
35.0 
29.0 
28.9 
19.6 
30.5 
32.4 
30.0 
21.6 
26.0 
21.1 
22.3 
29.9 
22.9 
20.8 
27.3 
27.7 
26.0 
34.7 
26.3 


27.9 


34.2 
40.2 
34.5 
35.0 
35.0 
38.0 
45.1 
35.5 
32.4 
41.5 
45.0 
36.9 
32.9 
39.5 
41.9 
46.7 
39.7 
42.7 
31.3 
45.9 
43.4 
37.3 
48.9 


39.3 


49.2 
49.9 
51.3 
52.0 
49.0 
50.2 
50.6 
51.7 
56.7 
49.3 
47.2 
53.3 
50.1 
46.7 
48.2 
49.9 
44.4 
48.5 
52.1 
42.5 
51.0 
49.1 
52.0 


49.8 


59.1 
60.2 
50.2 
58.0 
59.0 
58.3 
60.0 
61.1 
67.9 
46.3 
61.0 
63.3 
62.9 
50.0 
62.6 
63.9 
60.7 
60.7 
61.3 
54.6 
62.8 
58.7 
56.5 


60.9 


70.4 
66.7 
73.3 
71.0 
T3.0 
70.6 
71.3 
70.2 
69.5 
68.1 
71.9 
71.5 
69.8 
70.9 
66.9 
64.4 
68.4 
69.2 
69.8 
65.6 
69.2 
70.1 
66.2 


72.1 
72.5 
73.1 
69.0 
73.0 
74.5 
743 
71.6 
73.2 
75.5 
76.0 
74.1 
74.1 
78.1 
74.0 
72.9 
71.4 
73.0 
72.1 
72.6 
73.9 
66.4 
T3.8 


.5     73.1 


70.-4 
69.1 
68.8 
70.0 
71.0 
70.7 
71. 2 
73.5 
71.8 
69.4 
736 
73.7 
76.3 
73.1 
67.4 
70.7 
68.8 
71.7 
74.6 
69.5 
71.2 
72  1 
71.3 


71.3 


60.3 


65.5 


47.9 
47.9 
52.7 
51.0 
52.0 
53.7 
63.9 
46.9 
49.0 
68.1 
63.1 
57.4 
60.6 
53.8 
54.6 
54.0 
52.2 
52.6 
52.7 
48.8 
54.1 
49.1 
57.2 


52.7 


42.9 
41.0 
43.9 
40.0 
38.0 
39.3 
37.6 
41.3 
46.1 
42.2 
38.8 
43.9 
41.6 
37.7 
48.6 
37.2 
40.5 
39.6 
41.1 
39.1 
41.7 
49.4 
36.6 


41.2 


33.3 
43.8 
31.2 
39.0 
29.0 
32.7 
33.9 
33.9 
32.9 
32.8 
28.8 
30.2 
31.6 
27.9 
29.4 
23.4 
28.6 
32.9 
32.3 
33.0 
33.1 
26.1 
25.5 


49.6 
61.1 
62.3 
51.7 
50.1 
61.6 
62.3 
49.9 
61. 7 
50.6 
62.1 
51.6 
62.3 
50.2 
50.5 
50.6 
48.6 
50.0 
61.6 
49.6 
52.1 
50.7 
50.8 


31.5     50.9 


1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
18G6 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
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METEOROLOGY— TABLE  VI 


MONTHLY  RAINFALL  FOR  TWBNTY-THREE  YEARS  FOR  THE  STATE 
Rainfall — Inches 


Date 


1888. 
1889. 
1890 
1891. 
1802. 
1893. 
1894. 
1880. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 


1.74 
1.35 
5.25 
4.91 
3.27 
6.13 
2.79 
0.69 
2.25 
3.64 
2.32 
2.11 
3.53 
1.24 
0.88 
4.95 
2.69 
1.58 
1.16 
0.80 
4.10 
5.39 
4.45 


3.55 
1.50 
5.29 
4.19 
2.16 
2.09 
2.16 
1.59 
3.34 
5.17 
6.23 
4.66 
2.35 
2.66 
2.76 
3.51 
5.73 
2.50 
3.97 
5.55 
2.43 
2.77 
0.25 


1.99 
1.79 
3.15 
2.13 
2.63 
6.37 
2.31 
2.11 
2.78 
8.27 
2.38 
1.68 
1.89 
3.40 
2.21 
4.01 
2.64 
3.10 
1.89 
2.74 
3.69 
4.13 
2.93 


3.77 
3.71 
5.52 
2.20 
4.63 
4.97 
4.0U 
1.80 
2.67 
3.93 
4.10 
4.32 
2.40 
8.96 
3.09 
2.82 
3.79 
5.63 
2.17 
3.47 
4.72 
4.72 
4.07 


3.41 
4.13 
4.50 
4.82 
6.73 
3.34 
2.66 
2.44 
4.81 
2.80 
2.86 
2.96 
2.96 
4.38 
7.48 
3.97 
2.88 
4.72 
3.41 
4.57 
2.52 
5.86 
2.98 


4.40 
4.25 
1.99 
3.82 
3.13 
2.49 
1.66 
2.00 
8.11 
4.65 
8.98 
4.18 
4.62 
2.73 
4.69 
3.67 
4.13 
3.93 
6.14 
5.36 
4.08 
3.90 
3.53 


5.16 
1.50 
4.70 
3.07 
6.15 
2.17 
1.67 
2.96 
3.38 
2.72 
4.50 
1.82 
3.68 
3.32 
1.67 
3.20 
2.74 
4.46 
4.77 
2.48 
2.59 
3.68 
1.46 


2.27 
3.Q2 
5.56 
1.50 
1.27 
1.67 
3.31 
1.66 
6.13 
0.78 
2.56 
2.69 
1.76 
2.86 
4.66 
1.82 
1.96 
2.86 
2.92 
3.92 
0.58 
1.56 
3.60 


3.96 
1.78 
4.27 
1.76 
0.67 
4.24 
2.01 
1.22 
1.20 
0.64 
3.72 
2.14 
:.89 
0.73 
2.28 
2.62 
1.50 
3.63 
3.19 
2.78 
1.17 
2.46 
4.13 


4.25 
4.02 
2.53 
5.00 
2.62 
2.09 
2.17 
4.11 
2.63 
6.62 
3.17 
1.72 
4.15 
1.54 
2.60 
2.10 
0.37 
2.63 
2.69 
1.93 
1.06 
1.93 
1.62 


1.47 
2.81 
2.37 
2.36 
1.86 
2.61 
2.98 
3.86 
1.65 
2.39 
2.71 
3.16 
1.24 
3.79 
3.96 
2.07 
3.09 
2.26 
3.68 
3.16 
2.33 
2.68 
2.41 


3.30 
2.79 
4.17 
3.21 
3.09 
3.30 
2.47 
2.37 
3.29 
3.21 
3.65 
2.87 
2.74 
2.69 
3.13 
3.07 
2.95 
3.25 
3.07 
3.67 
2.84 
3.53 
301 


1888 
18BB 
18» 

lan 

18BZ 
1863 
1891 
18B6 
18» 
1S97 
18B8 
1889 
1900 
1901 
1902 
1908 
1904 
1906 
1906 
1907 
1906 
1909 
1910 


A  reraffe 


2.98 


2.88 


3.32 


2.84 


3.76 


3.97 


3.93 


3.21 


2.35 


2.78 


2.66 


3.U     .... 
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PRESS  BULLETINS. 


The  following"  press  bulletins  have  been  issued  during  the  year: 
No.  315.    July  18,  1910.     The  ohio  agricultural    experiment   station 

EXHIBIT  AT  THE  COUNTY   FAIRS. 

The  Ohio  Experiment  Station  has  just  issued  Circular  101,  descriptive  of 
the  fair  exhibits  which  are  now  being*  sent  out  annually  to  a  number  of  county 
fairs.  The  issuance  of  this  circular  commemorates,  in  a  senne,  the  holding  of 
the  first  agricultural  fair  in  America,  which  was  held  at  Pittsfield,  Mass.,  just 
one  hundred  years  ago;  in  the  summer  of  1810. 

The  Station  made  exhibits  at  county  fairs  as  early  as  1891,  and  did  so 
occasionally  until  1905,  when  the  general  policy  of  making  fair  exhibits  was 
adopted.  Since  that  year,  when  seven  fairs  were  visited,  the  requests  for  the 
exhibit  have  been  so  numerous  as  to  make  it  necessary  last  year  to  send  out 
duplicate  exhibits,  which  reached  twenty  fairs.  In  all,  fifty  exhibits  have  been 
made  in  forty  counties.  For  this  year  three  exhibits  are  being  prepared,  which 
will  reach  twenty-six  fairs  in  the  following  counties:  Allen,  Ashtabula,  Athens, 
Auglaize,  Belmont,  Champaign,  Coshocton,  Greene,  Guernsey,  Hamil- 
ton, Hancock,  Hardin,  Harrison,  Lorain,  Lucas,  Marion,  Medina,  Mercer, 
Miami,  Morrow,  Muskingum,  Putnam,  Scioto,  Seneca  and.  Washington  and  the 
State  Fair,  at  Columbus . 

The  material  composing  the  exhibits  is  not  entered  in  competitive  classes. 
It  is  not  a  display  of  fine  products.  It  is  illustrative  of  the  experiment  work 
of  the  Station.  Each  feature  is  a  graphic  presentation  of  some  great  truth. 
These  truths  are  so  presented  as  to  make  a  most  enduring  impression  on  the 
mind  of  the  visitor.  One  illustration  will  show  the  character  of  the  whole  ex- 
hibit: In  the  display  last  year  was  placed  the  entire  product  of  two  apple  trees 
which  stood  in  the  same  orchard  only  30  feet  apart — one  sprayed  and  the  other 
unsprayeil.  The  remarkable  difference  in  both  quantity  and  quality  of  the  fruit 
spoke  for  better  orchard  methods  in  more  eloquent  terms  than  the  platform 
speaker  or  the  printed  page  could  employ. 

The  exhibit  is  accompanied  by  representatives  of  the  Station  and  others 
familiar  with  its  work  to  explain  the  exhibit  and  tell  the  farmers,  and  others 
interested,  of  the  work  of  the  Station.  The  Station  has  provided  a  large  35x60 
foot  tent  under  which  to  display  the  exhibit.  There  is  no  charge  and  every  one 
interested  is  welcome.  Every  farmer  in  the  above  named  and  in  nearby  counties 
should  make  an  effort  to  see  the  exhibit  this  year. 

The  illustrated  circular  is  being  sent  to  the  regular  mailing-  list  and  to 
others  upon  request  to  the  Ohio  Experi^ient  Station,  Wooster,  Ohio. 

No.  316.    July  25,  1910.     The  fusarium  blight  or  wilt  of  potatoes. 

The  Department  of  Botany  is  making  a  study  of  the  Fusarium  Blight  ( wilt) 
and  Dry  Rot  of  potatoes.  During  the  early  spring  a  press  bulletin  was  sent 
out  calling  attention  to  the  disease  in  the   seed  potatoes.     In   order  to  keep  our 
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correspondents  alert  as  to  the  nature  of  the  disease  and  the  possible  losses  it 
may  occasion,  and  further  to  obtain  fuller  data  as  to  the  extent  and  the  amount 
of  this  disease  throughout  the  potato  districts,  this  press  bulletin  is  being 
sent  out. 

At  this  stage  of  growth  the  earliest  symptoms  are  beginning  to  show.  To 
those  not  familiar  with  this  disease  as  a  field  trouble,  a  careful  description  of 
the  symptoms  is  here  given. 

PRELIMINARY  SYMPTOMS 

The  presence  of  the  wilt  disease  is  usually  conspicuous  when  the  plants  are 
ten  to  fourteen  inches  in  height.  The  preliminary  symptoms  are  a  light  green 
color  on  the  lower  leaves,  accompanied  during  the  heat  of  the  day  by  wilt  and 
upward  and  inward  rolling  of  the  upper  leaves.  The  color  gradually  changes 
to  a  yellow  which  slowly  and  evenly  covers  the  affected  vines.  The  early  in- 
fected plants  are  usually  quite  evenly  scattered  throughout  the  field,  showing 
evidence  of  disease  dissemination  by  the  seed,  later  the  amount  of  yellowing 
rapidly  increases  and  the  large  number  of  infected  plants  give  the  field  a  mottled 
appearance,  which  is  very  different  from  the  even  green  color  so  characteristic 
of  healthy,  vigorous  plants.  The  progress  of  the  disease  in  the  field  is  greater 
in  certain  areas  than  in  others,  due  probably  to  different  factors  among  which 
may  be  previous  soil  infection,  irregular  drainage,  conditions  favorable  for  the 
disease,  so  unfavorable  for  the  potato  crop. 

PREMATURE  DYING 

The  subtle  and  persistent  nature  of  the  disease  is  such  as  to  mislead  even 
the  plant  pathologist.  The  general  effect  of  the  wilt  is  to  shorten  the  life  of  the 
crop,  bringing  about  a  surprisingly  early  maturity* 

The  later  symptoms  of  the  trouble  are  quite  characteristic.  The  earliest 
infected  leaves,  viz.,  the  lowest,  die  first,  dropping  vertically  alongside  of  the 
stem,  the  joint  breaking,  the  leaf  being  held  to  the  stem  by  only  a  small  part  of 
the  cuticle  below.  The  upper  leaves  usually  do  not  drop,  but  droop  over  upon 
wilting. 

Plants,  which  are  early  and  severely  attacked,  quickly  wilt  during  the  first 
few  days  of  hot,  dry  weather.  The  root  systems  of  wilted  plants  rot  quickly, 
making  it  possible  to  pull  up  the  affected  vines  easily. 

The  invasion  of  the  tuber  by  the  fungus  usually  takes  place  by  way  of  the 
tuber-bearing  stems,  after  the  plant  has  wilted.  The  depth  to  which  the  ftmgus 
penetrates  the  stem  end  of  the  tuber  is  indicated  by  the  brown  area,  shown  by 
cutting  thin  sections  across  the  stem  end  of  the  tuber.  At  digging  time  the 
depth  of  infection  seldom  exceeds  one-fourth  inch.  However,  should  the  pota- 
toes be  placed  in  warm  storage,  the  fungus  quite  rapidly  penetrates  deeper. 

FURTHER  DATA  DESIRED 

This  disease  has  only  recently  been  recognized  as  a  severe  field  trouble  in 
this  state.  We  have  obtained  data  from  last  year's  field  conditions  and  from 
the  potatoes  carried  over  in  storage  and  those  used  tor  seed  the  present  season, 
which  indicates  that  the  Fusarium  wilt  is  quite  general,  and  that  it  is  playing 
an  important  part  in  yield  reduction  throughout  the  state.  We  wish  to  increase 
this  data  and  in  order  to  do  so  we  ask  the  cooperation  of  all  interested  in  the 
potato  crop.  The  following  are  some  of  the  points  we  desire  answered:  (1)  Is 
the  disease  prevalent  in  your  vicinity?  (2)  What  percent  of  the  hills  in  your 
field  are  affected?  (3)  Did  the  potatoes  show  the  dry  rot  in  your  storage? 
(4)  At  end  of  season  we  would  like  reports  of  yields. 
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If  you  are  in  doubt  as  to  whether  the  symptoms  showing  in  your  potatoes 
are  those  of  the  Fusarium  blight  or  not,  send  in  yellowing  or  wilted  plants, 
including  roots.  The  Department  will,  by  means  of  cultures,  quickly  determiiie 
it  for  you. 

No.  317.  September  12,  1910.  Sow  wheat  a  little  late  this  fall.  By 
H.  A.  Gossard. 

A  little  more  Hessian  fly  than  usual  has  been  found  scattered  over  the  state 
this  season  and  since  we  have  had  no  general  outbreak  of  this  pest  for  some 
years  and  its  parasites  may  therefore  be  presumed  to  be  somewhat  scarce,  it 
will  be  best  for  Ohio  farmers  to  sow  a  trifle  late  rather  than  early  this  falL 
The  normal  date  for  sowing  in  northern  Ohio  is  from  the  15th  to  the  22nd  of 
September,  for  central  Ohio  a  week  or  ten  days  later,  and  for  southern  Ohio 
the  last  few  days  in  September,  or  a  little  better,  during  the  first  two  weeks  of 
October.  By  the  normal  date  we  mean  the  date  which  will  produce  the  largest 
yield,  providing  that  no  insect  pests  overturn  the  natural  expectation.  The 
normal  date  for  sowing  is  determined,  not  by  the  entomologist,  but  by  tbe 
agronomist,  and  rests  upon  the  average  results  of  sowing  grain  upon  any  given 
date  through  a  long  period  of  years.  Only  occasionally  is  it  advisable  for  tbe 
entomologist  to  advise  that  there  be  a  departure  from  seeding  at  the  normal 
time.  There  is  generally  no  danger,  even  from  Hessian  fly,  if  sowing  does  not 
precede  the  normal  date,  and  at  present  we  think  it  hardly  necessary  to  suggest 
any  further  departure  from  the  normal  custom  than  to  say  that  if  departed  from 
at  all,  this  fall,  the  seeding  should  be  in  the  direction  of  a  week  to  ten  days 
later  than  usual',  rather  than  that  much  earlier.  The  dry  weather  will  doubt- 
less operate  to  destroy  many  of  the  pupae  or  ''flaxseeds'*  of  the  Hessian  fly  by 
dessication  and  in  those  sections  where  the  drouth  has  b^n  severe  and  long 
continued  there  is  probably  no  need  for  special  apprehension. 

We  have  become  satisfied  that  no  calculable  advantage  is  guined  against 
the  wheat  joint  worm  by  departing  from  the  normal  date,  either  in  the  direction 
of  early  or  late  sowing.  The  degree  of  infestation  will  depend  upon  the  st?ge 
of  development  reached  by  the  grain  at  the  time  the  eggs  are  laid  by  the  joint- 
worm  fly  in  spring.  Sometimes  the  early  sown  grain  proves  l>est,  and  again  it 
is  the  late  which  proves  most  exempt.  On  the  average  it  will  be  best  to  sow  at 
the  normal  time  and  having  given  proper  attention  to  preparation  of  the  seed 
beu  and  to  fertilizing,  abide  the  result.  Sti£P,  heavy-strawed  varieties  will 
stand  the  attacks  of  both  Hessian  fly  and  joint  worm  better  than  small,  weak- 
strawed  varieties.  In  some  neighborhoods  where  jointworm  is  exceptionally 
severe  it  may  be  advisable  to  substitute  rye  for  wheat. 

No.  318.     September  12,    1910.      Treat    seed  wheat   for  smut.     Much 

DISEASE  IN  1910  CROP. 

To  treat  seed  wheat  for  stinking  smut  of  kernels  before  sowing  the  grain 
seems  very  necessary  in  1910.  Reports  received  at  the  Ohio  Experiment  Station 
indicate  that  the  smut  is  present  in  nearly  every  county  of  Ohio  in  this  year's 
wheat  crop. 

This  smut  is  caused  by  the  sporzs  of  the  stinking,  smut  fungus  which 
adhere  to  otherwise  healthy  seed-grain.  These  smut  spores  may  come  frooi 
smutted  kernels  broken  open,  or  from  oags  or  mills.  There  seem  to  be  differ- 
ences  in  the  tendency  or  susceptibility  of  different  varieties  to  smut,  but  the 
real  problem  is  to  sow  disinfected  seed^  or  seed  free  from  smut.  It  is  not  likely 
that  seed  wheat  free  from  smut  can  be  easily  purchased  in   Ohio   at  this  time. 
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To  treat  seed  wheat  the  method  of  sprinkling-  it  with  a  solution  of  formalde- 
hyde (formalin)  in  water  (1  pint  or  pound  of  formaldehyde  to  40  g-allons  of 
water)  is  recommended  and  is  successful.  The  formaldehyde  is  on  sale  at  drug- 
stores. 

Sprinkle  piles  of  grain  on  tight  floor  or  canvas  with  this  solution  by  means 
of  sprinkler,  meanwhile  shoveling  the  grain  over  so  that  every  kernel  is  moist- 
ened— it  will  require  three-fourths  gallon  to  one  gallon  of  solution  per  bushel  of 
grain.  When  g-rain  is  so  treated,  allow  to  lie  in  pile  2  to  3  hours  or  over  night: 
then  spread  to  dry.  After  treating,  handle  the  grain  in  disinfected  bags,  mills, 
and  drills. 

To  disinfect  fanning-  mills  or  drills,  wash  or  sprinkle  all  parts  well  with 
the  same,  or  stronger  formaldehyde  solution.  To  disinfect  bags  for  handling 
treated  seed  grain,  soak  them  over  night  in  same  solution  used  to  treat  seed 
wheat. 

For  treating^  seed  wheat  in  large  quantities  in  tight  elevators,  etc.,  it  is 
possible  to  use  a  gaseous  formaldehyde  method  which  is  described  in  the  Spray 
Calendar,  Bulletin  No.  199.  The  sprinkling^  method  above  given  is  also 
described  in  the  same  Bulletin,  which  will  be  sent  you  upon  application. 

No.  319.     October  10,  1910.    Small  tools  on  the  farm. 

If  the  average  farmer  were  asked  "How  much  money  have  you  invested  in 
the  small  tools  on  this  farm?*'  it  is  probable  that  after  a  moment  of  thought, 
during-  which  he  would  have  a  mental  picture  of  an  axe,  a  hand-saw,  a  grind- 
stone and  rather  a  confused  idea  that  there  was  a  lot  of  stu£P  of  one  sort  or 
another  somewhere  about  the  farm,  would  reply  that  from,  $25  to  $50  would 
cover  the  cost. 

A  recent  investigation  conducted  by  the  Ohio  Experiment  Station  in  coop- 
eration with  the  U.  S.  Department  of  Agriculture  discloses  that  this  is  far  short 
of  the  mark.  In  order  to  arrive  at  some  conclusion  in  regard  to  this  matter, 
careful  inventories  were  taken  on  thirty-three  Ohio  farms,  and  in  every 
instance  the  total  amount  was  many  times  what  the  owner  had  "guessed.'* 

The  fact  that  these  small  tools  are  bought,  one  at  a  time  as  needed,  and 
are  not  cared  for  systematically,  leads  to  a  very  erroneous  idea  of  their  value. 
Summarizing  the  inventories  of  these  thirty -three  farms,  it  is  estimated  that  to 
completely  equip  a  general  farm  of  160  acres  in  Ohio  with  small  tools  will  prob- 
ably cost  from  $200  to  $300,  or  in  excess  of  the  farmers*  "guess"  by  more  than 
500  percent.  An  error  in  judgment  of  this  amount,  particularly  when  the  error 
is  ag'ainst  the  farm,  is  serious  enough  to  challenge  our  attention. 

Even  on  farms  where  inventories  are  habitually  taken,  these  tools  of  minor 
equipment  are  usually  included  as  "other  small  tools'*  and  given  a  guessed  at 
value,  somewhat  after  the  stereotyped  expression  appearing  on  sale  bills:  "other 
articles  too  numerous  to  mention. " 

Farm  requirements  differ  very  greatly,  the  highly  specialized  farm  not 
needing  nearly  so  many  tools  as  the  general  farm.  The  necessity  of  a  fairly 
complete  outfit  is  apparent  if  the  farmer  would  avoid  expensive  trips  to  town  or 
to  the  neighbors  to  meet  some  immediate  need,  thereby  stopping  teams  and 
laborers  until  the  repair  is  affected.  The  advantage  of  some  systematic 
arrangement  is  also  apparent,  in  order  that  the  exact  tool  may  be  at  hand 
when  wanted  and  thus  avoid  loss  and  delay  by  reason  of  mislaid,  borrowed, 
stolen  or  lost  tools. 
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Some  of  these  tools  can  be  charged  to  special  farm  enterprises,  as  to  the 
horses,  the  dairy,  com,  hay,  grrain,.  etc.,  but  by  far  the  great  majority  con- 
stitute an  overhead  charge  against  the  farm.  The  connection  between  an 
augur  bit  handle  and  a  bushel  of  wheat  may  not  be  at  once  apparent  to  tbe 
miller,  but  it  requires  the  auger  bit  handle,  to  turn  the  bit,  to  bore  the  hdt 
\n  the  plank,  to  make  the  wagon-jack,  to  grease  the  wagon  that  hauled  tbe 
g^ain  to  the  machine,  and  that  brought  the  wheat  to  the  mill.  Before  tbe 
bushel  of  wheat  can  yield  a  profit  it  must  help  pay  for  the  auger  bit  handle 
and  the  other  minor  tools  which  total  a  hundred  or  more  dollars  in  value  (m 
any  well  managed  farm.  The  item  is  small  but  it  is  a  part  of  that  great 
overhead  charge  which  exists  on  every  farm  and  which  goes  to  help  make  up 
the  difference  between  what  the  farmer  gets  and  what  some  people  think  he  gets. 

The  inventories  of  the  thirty-three  farms  investigated  are  summarized  and 
discussed  in  Circular  98  of  the  Ohio  Experiment  Station,  and  the  articks 
are  so  classified  and  arranged  as  to  make  it  easy  for  any  farmer  to  compare 
the  list  with  those  found  on  his  own  farm.  This  Circular  will  be  soit  free 
upon  request. 

No.  320.     November  28,  1910.     Mice  injury  to  forest  trees. 

For  some  years  catalpa,  mulberry  and  other  trees  commonly  grown,  haie 
suffered  considerable  injury  by  the  attacks  of  field  mice.  During  tbe  winter 
months  these  rodents  gnaw  the  bark  about  the  base  of  the  trees  to  a  greater  or 
less  degree,  which  frequently  results  in  a  complete  girdle.  When  girdling 
occurs  below  the  root  crown  the  trees  usually  die.  The  amount  of  injury 
varies  with  the  severity  of  the  winter,  although  a  season  rarely  passes  without 
reports  of  occurence.  During  the  winter  of  1909-10,  characterized  by  deep 
\nows  and  severe  cold,  ravages  to  an  extent  heretofore  unknown  were  reported 
from  all  sections  of  the  state. 

prevention  of  injxtry 

There  are  no  practical  means  of  exterminating  field  mice,  although  certain 
operations  are  helpful  in  preventing  their  attacks  on  trees.  It.  has  been 
observed  that  injury  is  greater  and  more  general  where  dead  grass,  mulch  or 
debris  of  any  kind  lies  close  to  the  trees.  Material  of  this  nature  affords  a 
harboring  place,  from  under  which  cover  mice  prefer  to  operate.  Before  winter 
sets  in  all  grass  or  mulch  material  of  any  kind  should  be  raked  away  from  tbe 
trees  for  a  radius  of  at  least  two  feet,  leaving  the  ground  as  bare  as  possible. 
Where  mulch  culture  is  used  a  foot  or  two  about  each  tree  should  be  left  bare- 
Injury  is  more  severe  on  those  trees  whose  root  systems  set  high  on  the  groand; 
that  is,  in  cases  where  freezing  and  thawing  have  caused  heaving.  Such  trees 
afford  cavities  in  which  mice  harbor,  and  complete  girdling  usually  results 
fatally  if  below  the  point  where  root  and  stem  join.  Throwing  a  few  shovel- 
fuls of  dirt  about  the  trees  has  given  satisfactory  results. 

Trees  which  have  been  more  than  half  girdled  should  be  cut  off  an  inch 
above  the  root  collar  and  sprouts  allowed  to  grow  from  the  sttmips.  In  the 
case  of  trees  over  three  or  four  years  of  age  all  sprouts  may  be  permitted  to 
stand  the  first  season,  and  all  but  the  most  thrifty  removed  the  winter  following. 
In  some  cases  all  but  the  most  thrifty  may  be  removed  when  a  foot  high.  The 
one  remaining  must  be  staked  in  order  to  prevent  its  breaking  off  or  becoming 
distorted. 
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Mice  injury  in  some  cases  has  caused  a  large  percentage  in  loss  of  trees, 
particularly  in  catalpa  groves,  and  parties  possessing  these  groves  will 
doubtless  profit  by  taking  precautionary  measures  in  preventing  as  far  as 
possible  the  attacks  of  these  rodents. 

No.  321.     March  13,  1911.    Have  you  tested  your  seed  corn? 

The  testing  of  seed  corn,  while  always  a  matter  of  safety,  has  seldom  been 
so  necessary  as  it  is  this  spring  of  1911. 

When  husked  last  fall  corn  carried  much  more  than  the  normal  amount  of 
moisture.  Twenty-seven  to  thirty  percent  was  not  at  all  uncommon.  This  in 
itself  would  have  been  cause  enough  for  alarm  if  normal  temperature  had 
prevailed.  But  November  of  1910  had  the  lowest  mean  temperature  of  any 
November  during  the  23  years  of  the  Experiment  Station's  records.  Very  early 
in  November  mercury  dropped  to  10°  below  freezing  and  day  after  day  it  was 
from  10°  to  18°  below  freezing.  These  two  factors  are  without  a  parallel  in 
recent  years  and  should  give  the  corn  growers  no  little  concern. 

Three  weeks  ago  this  Station  wrote  to  prominent  corn  growers  in  all  parts  of 
the  State  for  samples  of  com  from  100  representative  ears  which  had  been  saved 
for  seedj  or  for  reports  of  germination  tests  already  conducted  by  them.  The 
samples  received  in  response  to  this  call  have  been  germinated  and  reveal  a 
condition  which  was  expected .  The  range  of  germination  is  from  45  to  96  per- 
cent, much  seed  which  had  been  handled  with  considerable  care  showing  below 
80  percent. 

Such  a  state  of  affairs  will  result  in  a  very  poor  and  uneven  stand  of  plants 
in  Ohio  com  fields,  unless  .every  ear  of  corn  intended  for  seed  be  carefully  tested 
to  determine  whether  it  will  grow. 

In  conducting  the  germination  test  it  is  important  that  the  conditions  which 
the  corn  will  have  to  endure  in  the  field  be  duplicated  as  nearly  as  possible. 
Condemn  every  ear  of  low  vitality  to  the  feed  trough,  where  it  will  prove  of 
some  value,  but  if  used  for  seed  will  cause  a  loss  of  from  $1.50  to  $5.00. 

What  can  the  com  grower  do  that  will  make  him  any  more  money  than  to 
weed  out  these  worthless  seed  ears? 

No.  322.    April  17,  1911.      Prevent  the  onion   smut   when   the   seed 

IS  SOWN. 

The  fungus  disease  commonly  known  as  onion  sntui  becomes  exceedingly 
troublesome  in  the  soil  of  fields  on  which  onions  have  been  grown  continuously 
for  a  number  of  years.  The  spores  of  the  onion  smut  live  for  a  considerable 
time  in  the  soil  when  this  once  becomes  infected.  It  is  present  in  much  of  the 
onion  land  of  north-eastern  Ohio,  and  elsewhere  in  the  state. 

The  smut  affects  only  onions  which  are  g-own  from  seed,  attacking  the 
seedling  plants  shortly  after  germination  or  soon  after  they  appear  above 
g^roiind  and  many  plants,  not  destroyed  entirely  by  the  smut,  are  injured  to 
such  an  extent  that  they  will  die  later  or  else  develop  with  an  abnormal  bulb 
filled  with  spores  of  the  disease.  When  onion  sets  or  seedlings,  grown  under 
g-lass  or  in  uninfected  soil,  are  planted  in  smut-infected  ground  the  smut  does 
not  attack  them,  indicating  that  the  fungus  is  able  to  penetrate  the  plant  only 
through  its  most  delicate  tissues. 

The  smut  spores  of  the  disease  are  spread  by  cultivators  or  other  imple- 
ments; frequently  by  the  wind  for  short  distances;  on  the  feet  of  men  and  horses, 
axid  by  decaying  onion  refuse  which  is  often  used  as   a  fertilizer.      The   Ohio 
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Experiment  Station  has  discovered  and  applied  a  successful  treatment  of  the 
soil  with  a  formalin  solution  to  prevent  onion  smut.  This  solution  is  made 
with  1  pound  of  40  percent  formaldehyde  (commercial  formalin)  to  from  25  to  33 
g-allons  of  water.  For  old  infected  fields  it  is  well  to  use  the  more  concentrated 
solution.  This  is  applied  best  with  a  drip  attachment  to  the  seed  drill,  and  at 
the  rate  of  120  to  150  gallons  of  the  solution  per  acre  for  field  onions,  and  from 
500  to  700  gfallons  for  onion  sets.  This  application  of  the  formalin  solution  dis- 
infects the  soil  surrounding  the  seed  and  thus  enables  it  to  germinate  and  grow 
to  the  stage  where  it  is  beyond  the  attack  of  the  fungus.  The  gains  realized 
with  this  treatment  in  the  past  few  seasons  have  been  very  encouraging  to  the 
onion  grower. 

The  formaldehyde  solution  tanks  and  the  drip  attachment  are  easily 
adjusted  to  the  seed  drill,  and  these  may  be  purchased  of  C.  "W.  Grenung  of 
Madison,  Ohio,  and  from  other  dealers  in  farm  implements. 

Home-made  attachments  may  be  made  from  empty  syrup  cans  inverted, 
using  a  perforated  rubber  stopper  in  the  outlet,  connected  by  suitable  rubber 
tubes  with  a  drawn  glass  tube  point  at  the  end  of  each.  This  rubber  tube  will 
require  a  pinch  cock  to  shut  off  the  flow  and  the  point  will  need  to  be  set  so 
that  the  solution  falls  with  the  seed  before  the  earth  covers  it  over.  The  profits 
from  smut  treatment  where  any  disease  exists  are  very  great  and  for  this  reason 
the  Experiment  Station  recommends  it  most  strongly. 
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